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The present invention provides an advantageous production
method of an imidazole derivative, which is suitable for
industrial production.

Compound (V1) is produced by reacting compound (I) with a
Grignard reagent or a magnesium reagent, and a lithium
reagent, and then reacting the resulting compound with com-
pound (V).
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1
PRODUCTION METHOD OF IMIDAZOLE
DERIVATIVES

TECHNICAL FIELD

The present invention relates to an industrially advanta-
geous production method of an imidazole derivative.

BACKGROUND OF THE INVENTION

It is known that an imidazole derivative represented by the
following formula (Ia):

(Ia)

HO (CHy),

!
W
N

wherein n is an integer of 1 to 3, and Ar is an aromatic ring
optionally having substituent(s),

or a salt thereof has high safety and superior steroid C,, ,,
lyase inhibitory activity, and is useful for the prophylaxis or
treatment of diseases for which androgen or estrogen is an
aggravating factor (patent document 1).

As the production method of the above-mentioned imida-
zole derivative, the methods described in patent document 1
and patent document 2 are known.

However, there is a demand for an advantageous produc-
tion method of the imidazole derivative, which is suitable for
industrial production.

DOCUMENT LIST
Patent Document

Patent Document 1: WO 02/40484
Patent Document 2: WO 03/059889

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In the production method of patent document 2, the syn-
thetic reaction of the following formula (Ib):

[0} oH
m;C )]\
~ N
N A
H AD
N
\
PG

wherein Ar is an aromatic hydrocarbon group optionally hav-
ing substituent(s), and PG is an imidazole-protecting group,
which is an intermediate for synthesizing the above-men-
tioned formula (Ia), needs to be carried out in the presence of
an organic lithium compound at an ultralow temperature of
-65°C.

In view of such situation, an object of the present invention
is to provide a novel production method of an imidazole

(Ib)
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derivative represented by the above-mentioned formula (Ia),
particularly  6-(7-hydroxy-6,7-dihydro-SH-pyrrolo[ 1,2-c]
imidazol-7-yl)-N-methyl-2-naphthamide or a salt thereof,
which is suitable for efficient and convenient industrial pro-
duction. In addition, another object of the present invention is
to provide a production method of a compound useful as an
intermediate for synthesizing 6-(7-hydroxy-6,7-dihydro-5H-
pyrrolo[1,2-c]imidazol-7-yl)-N-methyl-2-naphthamide or a
salt thereof, specifically the below-mentioned compound
(V) and compound (IX), which is suitable for efficient and
convenient industrial production.

Means of Solving the Problems

The present inventors have conducted intensive studies in
an attempt to solve the above-mentioned problems and found
that the synthetic reaction of a compound represented by the
above-mentioned formula (Ib), particularly the below-men-
tioned compound (VI), can proceed under mild conditions by
using an organic magnesium compound together with an
organic lithium compound, which resulted in the completion
of the present invention.

Accordingly, the present invention is as follows;

[1] A method of producing a compound represented by the
formula:

(VD
PG

N CH;

<

N

Tz

OH

wherein PG is a protecting group,

or a salt thereof (hereinafter sometimes to be referred to as
compound (VI)), which comprises

Step (1): a step of reacting a compound represented by the
formula:

@

Rr!

wherein R! is an iodine atom or a bromine atom,
(hereinafter sometimes to be referred to as compound (I))

with a compound represented by the formula:

RZ—MgX (ID)

wherein R?is a C,_ alkyl group or a C,_,, aryl group; and X
is a chlorine atom, a bromine atom or an iodine atom,

(hereinafter sometimes to be referred to as compound (1)), or
a compound represented by the formula:
RZRZ—Mg (11D

wherein R? is a C,_4alkyl group or a Cy_, , aryl group; and R*
is as defined above,
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(hereinafter sometimes to be referred to as compound (111)),
and a compound represented by the formula:

R3Li (V)
wherein R? is a C,_¢ alkyl group or a C,_, , aryl group,
(hereinafter sometimes to be referred to as compound (IV)),

and then reacting the resulting compound with a compound
represented by the formula:

W)
PG

\N
&L
N CH

wherein PG is as defined above,

O

or a salt thereof (hereinafter sometimes to be referred to as
compound (V)).

[2] A method of producing 6-(7-hydroxy-6,7-dihydro-SH-
pyrrolo[1,2-climidazol-7-yl)-N-methyl-2-naphthamide or a
salt thereof, which comprises

Step (1): a step of reacting a compound represented by the
formula:

@

CH;

=z

Rr!

wherein R! is an iodine atom or a bromine atom, with a
compound represented by the formula:

RZ—MgX (ID)

wherein R? is a C,_ alkyl group or a C,_,, aryl group; and X
is a chlorine atom, a bromine atom or an iodine atom,
or a compound represented by the formula:

RZRZ—Mg (11D
wherein R* isa C,_, alkyl group ora Cy_, , aryl group; and R?
is as defined above,

and a compound represented by the formula:

R3Li (V)

wherein R? is a C,_¢ alkyl group or a C,_, , aryl group,

and then reacting the resulting compound with a compound
represented by the formula:

W)
PG

N

<,

wherein PG is a protecting group, or a salt thereof;

CHO
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Step (2): a step of subjecting a compound represented by the
formula:

(VD
PG

N AL

<

N

Tz

wherein PG is as defined above,
or a salt thereof, (hereinafter sometimes referred to as com-
pound (V1)), which is obtained in Step (1), to oxidation;

Step (3): a step of reacting a compound represented by the
formula:

(VID)
PG

N _CH;

<

N

=z

wherein PG is as defined above,

or a salt thereof (hereinafter sometimes to be referred to as
compound (VII)), which is obtained in Step (2), with a com-
pound represented by the formula:

BrZnCH,CO,—R* (VIIT)

wherein R* is a C,_, alkyl group,
(hereinafter sometimes to be referred to as compound (VIII));

Step (4): a step of subjecting a compound represented by the
formula:

Ix)

CH;

Al
e

wherein each symbol is as defined above,

or a salt thereof (hereinafter sometimes to be referred to as
compound (IX)), which is obtained in Step (3), to
reduction; and
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Step (5): a step of subjecting a compound represented by the Step (3a): a step of reacting a compound represented by the
formula: formula:
X) 5 (VID)
(€] (€]
PG\ PG\
CH. CH.
N g/ 3 N g/ 3
g U
N 10 N
HO—C—C OH o

H H

wherein PG is as defined above, 15 Wherein PGris a protecting group,

or a salt thereof (hereinafter sometimes to be referred to as orasalt thereof, witha compoundrepresented by the formula:

compound (X)), which is obtained in Step (4), to cyclization

: BrZnCH,CO,—R* 111
and deprotection. Zhe (VII)

[3] A method of producing of a compound represented by the 20 wherein R* is a C, ¢ alkyl group,

formula: and then adding citric acid to the obtained reaction mixture;

Step (4): a step of subjecting a compound represented by the

(IX) formula:
o 25
PG\
IX
N O ™
N
| H PG i
\ \
N 30 N A
g '
R*—O0—C—C OH \
[ N
(6]
R*—0—C—C OH
35 || M
wherein PG is a protecting group; and R*is a C,_, alkyl group,
or a salt thereof, which comprises 40
Step (3a): a step of reacting a compound represented by the wherein each symbol is as defined above,
formula: or a salt thereof, which is obtained in Step (3a), to reduction;
and
vy 45 Step (5): a step of subjecting a compound represented by the
o] formula:
PG\
CH.
<N | g/ 3 -
N\ 0
N 50 PG
CH
N N 3
(6] | H
\
N
55

HO—C—C OH
H, H
wherein PG is as defined above,
orasaltthereof, with a compound represented by the formula: wherein PG is as defined above,
60

BiZnCH,CO,—R* (VI or a salt thereof, which is obtained in Step (4), to cyclization
and deprotection.
. 4.
wherein R™is as defined above, [5] The method of any of the above-mentioned [1] to [4],
and then adding citric acid to the obtained reaction mixture. wherein PG is trityl.

[4] A method of producing of 6-(7-hydroxy-6,7-dihydro-SH- 65 [6] The method of any of the above-mentioned [1] to [4],
pyrrolo[1,2-climidazol-7-yl)-N-methyl-2-naphthamide or a wherein PG is tosyl, benzenesulfonyl or N,N-dimethylami-
salt thereof, which comprises nosulfonyl.
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[7] The method of the above-mentioned [2], wherein Step (3)
is
Step (3a): a step of reacting a compound represented by the
formula:

(VID)
PG

N CH;

<

N

Tz

wherein PG is a protecting group,
orasaltthereof, with a compound represented by the formula:

(VII)

¢}

BrZnCH,CO,—R*

wherein R* is a C,_, alkyl group,
and then adding citric acid to the obtained reaction mixture.

Effect of the Invention

The production method of the present invention using, as
organic metal reagents, an organic lithium compound and an
organic magnesium compound, for the production of com-
pound (V1) does not require the reaction to be carried out at an
ultralow temperature (for example, -65° C.)

In addition, work-up of the reaction mixture by adding
citric acid after completion of the reaction in the production of
compound (IX) suppresses decomposition of compound (IX)
as well as the amount of the zinc remaining in the reaction
mixture. As a result, the yield and purity of compound (IX)
can be improved, and the yield and purity of the final product,
6-(7-hydroxy-6,7-dihydro-5SH-pyrrolo[ 1,2-c]imidazol-7-y1)-
N-methyl-2-naphthamide or a salt thereof, and the object
product in each step up to the final product can also be
improved.

Accordingly, the production method of the present inven-
tion is a method of producing 6-(7-hydroxy-6,7-dihydro-5SH-
pyrrolo[1,2-climidazol-7-yl)-N-methyl-2-naphthamide or a
salt thereof, which is suitable for efficient and convenient
industrial production.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows apowder X-ray diffraction pattern of 6-((7S)-
hydroxy-6,7-dihydro-5H-pyrrolo[1,2-c|imidazol-7-y1)-N-
methyl-2-naphthamide 1 hydrate.

FIG. 2 shows apowder X-ray diffraction pattern of 6-((7S)-
hydroxy-6,7-dihydro-5H-pyrrolo[1,2-c|imidazol-7-y1)-N-
methyl-2-naphthamide anhydride.

DETAILED DESCRIPTION OF THE INVENTION

In the present specification, the “C,_¢ alkyl group” means
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu-
tyl, tert-butyl, n-pentyl, isopentyl, neopentyl, 1-ethylpropyl,
n-hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-
dimethylbutyl, 2-ethylbutyl or the like, and is preferably a
C,_, alkyl group.

In the present specification, the “C, , alkyl group” means
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu-
tyl, tert-butyl or the like.

In the present specification, the “Cy_,, aryl group” means
phenyl, 1-naphthyl, 2-naphthyl or the like.
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In the present specification, the “protecting group” means
a nitrogen-protecting group (e.g., a formyl group, a C, ¢
alkyl-carbonyl group, a C, ¢ alkoxy-carbonyl group (e.g.,
tert-butoxycarbonyl), a benzoyl group, a C,_,, aralkyl-carbo-
nyl group (e.g., benzylcarbonyl), a C,_, , aralkyloxy-carbonyl
group (e.g., benzyloxycarbonyl, 9-fluorenylmethoxycarbo-
nyl), a trityl group, a phthaloyl group, an N,N-dimethylami-
nomethylene group, a substituted silyl group (e.g., trimethyl-
silyl, triethylsilyl, dimethylphenylsilyl, tert-
butyldimethylsilyl, tert-butyldiethylsilyl), a C,  alkenyl
group (e.g., 1-allyl), a substituted C,_,, aralkyl group (e.g.,
2,4-dimethoxybenzyl), a C,  alkylsulfonyl group (e.g.,
methanesulfonyl), a C,_| , arylsulfonyl group (e.g., benzene-
sulfonyl, tosyl(toluenesulfonyl)), an N,N-di-C,  alkylami-
nosulfonyl group (e.g., N.N-dimethylaminosulfonyl) etc.).
The protecting group is optionally substituted by 1 to 3 sub-
stituents selected from a halogen atom, a C, ¢ alkoxy group
and a nitro group.

R! is preferably a bromine atom.

R? is preferably a C,_, alkyl group, more preferably aC,_,
alkyl group, more preferably isopropyl.

R? is preferably a C,_ alkyl group, more preferably a C,_,
alkyl group.

R? is preferably a C,_, alkyl group, more preferably butyl.

R* is preferably a C, _, alkyl group, more preferably ethyl.

X is preferably a chlorine atom.

PG is preferably trityl. In another embodiment, PG is pref-
erably tosyl, benzenesulfonyl or N,N-dimethylaminosulfo-
nyl.

Each step in the production method of the present invention
is explained in the following.

[Step 1]

In Step 1, compound (VI) is obtained by reacting com-
pound (I) with compound (II) or compound (II), and com-
pound (IV), and then reacting the resulting compound with
compound (V).

First, compound (1) is reacted with compound (II) or com-
pound (I1II), and compound (IV) (Step 1a). Since the interme-
diate produced by the reaction has a magnesiated methyla-
mido group, and therefore, it is stabilized, and the next
reaction with compound (V) can be carried out under a mild
condition.

Examples of the compound (II) include C, 4 alkylmagne-
sium halides such as methylmagnesium chloride, ethylmag-
nesium chloride, isopropylmagnesium chloride, methylmag-
nesium bromide, ethylmagnesium bromide,
isopropylmagnesium bromide and the like; and C_,, aryl-
magnesium halides such as phenylmagnesium chloride, phe-
nylmagnesium bromide and the like. Among them, C, , alky-
Imagnesium halides are preferable. The halide means
chloride, bromide or iodide, preferably chloride or bromide,
more preferably chloride. Compound (II) is preferably iso-
propylmagnesium chloride.

Examples of the compound (IIT) include di-C,_; alkylmag-
nesiums. Among them, di-C, , alkylmagnesiums are prefer-
able. Compound (III) is preferably dibutylmagnesium.

Examples of the compound (IV) include C, 4 alkyllithiums
such as n-butyllithium, sec-butyllithium, tert-butyllithium
and the like; and Cg_, , aryllithiums. Among them, C,_, alky-
1lithiums are preferable. Compound (IV) is preferably n-bu-
tyllithium.

The amount of compound (II) or compound (I1I) to be used
is generally about 0.1 to about 10 equivalents, preferably
about 0.1 to about 3 equivalents, relative to compound (I).

The amount of compound (IV) to be used is generally about
1 to about 10 equivalents, preferably about 1 to about 3
equivalents, relative to compound (I).
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To improve the yield and purity of the object product, the
reaction is preferably carried out by adding (preferably add-
ing dropwise) compound (I1I) or compound (III) to compound
(D, and then adding (preferably adding dropwise) compound
(IV) to the obtained mixture.

The reaction is generally carried out in a solvent.

The solvent is not particularly limited as long as it does not
adversely influence the reaction, and examples thereof
include aromatic hydrocarbons such as benzene, toluene,
xylene and the like; aliphatic hydrocarbons such as hexane,
pentane, heptane and the like; ethers such as diethyl ether,
diisopropyl ether, tert-butyl methyl ether, cyclopentyl methyl
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, bis(2-
trimethoxyethyl)ether and the like; aromatic halogenated
hydrocarbons such as chlorobenzene, dichlorobenzene, ben-
zotrifluoride and the like; and the like. These may be used
alone or in a mixture of two or more kinds thereof at an
appropriate ratio. Among them, the above-mentioned ethers
and aliphatic hydrocarbons are preferable, and tetrahydrofu-
ran, hexane, heptane and toluene are more preferable.

The amount of the solvent to be used is generally 1 to
100-fold, preferably 10 to 80-fold, relative to compound (I).

The reaction temperature is generally about —40° C. to
about 200° C., preferably about —-40° C. to about 40° C. When
compound (II) or compound (III) is added to compound (I)
and then compound (IV) is added to the obtained mixture, the
addition of compound (II) or compound (III) is generally
carried out at about —40° C. to about 200° C., preferably about
-10° C. to about 40° C., and the addition of compound (IV) is
generally carried out at -40° C. to about 200° C., preferably
about —-40° C. to about 10° C.

While the reaction time varies depending on the kinds of
compound (I)—compound (IV) and the reaction temperature,
it is generally about 5 min to about 48 hr, preferably about 1
hr to about 12 hr.

After completion of the reaction, the reaction product is
used for the next reaction with compound (V) as the reaction
mixture. Step la is preferably carried out under an inert
condition such as a nitrogen atmosphere and the like.

Compound (I)-compound (IV), which are starting materi-
als, can be produced according to a method known per se, for
example, the method described in WO 03/059889.

Second, compound (VI) is obtained by reacting the reac-
tion product obtained in Step la with compound (V) (Step
1b).

The amount of compound (V) to be used is generally about
0.1 to about 10 equivalents, preferably about 1 to about 3
equivalents, relative to compound (I).

The reaction is preferably carried out by adding (preferably
adding dropwise) compound (V) to the reaction product
obtained in Step la.

The reaction is generally carried outin a solvent. Examples
of'the solvent include those similar to the solvent exemplified
in Step la.

The reaction temperature is generally about —40° C. to
about 200° C., preferably about -40° C. to about 40° C.

While the reaction time varies depending on the kinds of
compound (V) and the reaction temperature, it is generally
about 5 min to about 48 hr, preferably about 1 hr to about 12
hr.

After completion of the reaction, the obtained compound
(VI) can be used for the next reaction as the reaction mixture
or as a crude product, or can also be isolated according to a
conventional method from the reaction mixture, and can also
be easily purified according to a conventional separation
means (e.g., recrystallization, distillation, chromatography).
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Compound (V) can be produced according to a method
known per se.
[Step 2]

In Step 2, compound (VII) is obtained by subjecting com-
pound (VI) to oxidation.

The oxidation is generally carried out using an oxidant in a
solvent.

Examples of the oxidant include chromic acid-acetic acid,
Jones reagent, anhydrous chromic acid-pyridine complex,
manganese dioxide, silver carbonate-Celite, dimethyl sulfox-
ide-oxalyl chloride, aluminum alkoxide-ketone, tetrapropy-
lammonium-perruthenate, ruthenium tetraoxide, hypochlor-
ous acid-acetic acid, periodinane compounds, dimethyl
sulfoxide-acetic anhydride, 2,2,6,6-tetramethylpiperidine-1-
oxyradical-hypochlorous acid, benzenesulfenamide-N-halo-
genated succinimide, N-halogenated succinimide, bromine,
sodium hydride and the like. Among them, manganese diox-
ide and sodium hydride are preferable, and manganese diox-
ide is particularly preferable.

The amount of the oxidant to be used is generally about 1
to about 30 equivalents, preferably about 1 to about 10
equivalents, relative to compound (VI).

The solvent is not particularly limited as long as it does not
adversely influence the reaction, and examples thereof
include aromatic hydrocarbons such as benzene, toluene,
xylene and the like; aliphatic hydrocarbons such as hexane,
pentane, heptane and the like; esters such as ethyl acetate,
n-butyl acetate and the like; ethers such as diethyl ether,
diisopropyl ether, tert-butyl methyl ether, cyclopentyl methyl
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, bis(2-
trimethoxyethyl)ether and the like; aliphatic halogenated
hydrocarbons such as dichloromethane, chloroform, dichlo-
roethane, carbon tetrachloride and the like; aromatic haloge-
nated hydrocarbons such as chlorobenzene, dichlorobenzene,
benzotrifluoride and the like; ketones such as acetone, methyl
ethyl ketone and the like; and aprotic polar solvents such as
acetonitrile, N,N-dimethylformamide, N,N-dimethylaceta-
mide, N-methylpyrrolidone, dimethylsulfoxide and the like.
These may be used alone or in a mixture of two or more kinds
thereof at an appropriate ratio. Among them, the above-men-
tioned aliphatic halogenated hydrocarbons, ethyl acetate,
N,N-dimethylformamide and N,N-dimethylacetamide are
preferable.

The amount of the solvent to be used is generally 1 to
100-fold, preferably 5 to 80-fold, relative to compound (VI).

The reaction temperature is generally about -40° C. to
about 200° C., preferably about 0° C. to about 100° C.

While the reaction time varies depending on the kinds of
compound (VI) and oxidant and the reaction temperature, it is
generally about 5 min to about 48 hr, preferably about 1 to
about 12 hr.

After completion of the reaction, the resultant product can
be used for the next reaction as the reaction mixture or as a
crude product, or can also be isolated according to a conven-
tional method from the reaction mixture, and can also be
easily purified according to a conventional separation means
(e.g., recrystallization, distillation, chromatography).

[Step 3]

In Step 3, compound (IX) is obtained by reacting com-
pound (VII) with compound (VIII).

Compound (VIII) is prepared from a compound repre-
sented by the formula:

BrCH,CO,—R* (VIIIa)

wherein R* is as defined above,
(hereinafter sometimes to be referred to as compound
(VIlla)) and zinc.
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The preparation is generally carried out by reacting com-
pound (VIIIa) with zinc in the presence of an activator, in a
solvent.

The zinc is used in the form of powder, flake, wire or foil,
particularly preferably in the form of powder. Zinc may be
subjected to a conventional pre-treatment by washing with an
acid, or a commercially available product may be directly
used.

The amount of the zinc to be used is preferably an excess
amount relative to compound (VIIIa). Specifically, it is pref-
erably 1 equivalent or more, more preferably 1 to 50 equiva-
lents, still more preferably 1 to 5 equivalents, particularly
preferably 1 to 3 equivalents, relative to compound (VIIla).

Examples of the activator include hydroiodic acid, 1,2-
dibromoethane, halogenated copper, halogenated silver, tri-
methylsilyl chloride and molecular sieve. Among them, tri-
methylsilyl chloride is preferable. In addition, zinc-copper
couple, Rieke-Zn, zinc-silver-graphite, zinc chloride-lithium,
zinc chloride-lithium naphthalide, zinc and zinc compound
each activated by ultrasonication, and the like can be used.

The amount of the activator to be used is generally about
0.01 to about 1 equivalent, preferably about 0.01 to about 0.2
equivalent, relative to compound (VIIIa).

To improve the yield and purity of the object product, the
reaction is preferably carried out by adding an activator to
zinc, and then adding (preferably adding dropwise) com-
pound (VIIIa) to the obtained mixture.

The solvent is not particularly limited as long as it does not
adversely influence the reaction, and examples thereof
include aromatic hydrocarbons such as benzene, toluene,
xylene and the like; aliphatic hydrocarbons such as hexane,
pentane, heptane and the like; esters such as ethyl acetate,
butyl acetate and the like; ethers such as diethyl ether, diiso-
propyl ether, tert-butyl methyl ether, tetrahydrofuran, diox-
ane, cyclopentyl methyl ether, 1,2-dimethoxyethane, bis(2-
methoxyethyl)ether and the like; aliphatic halogenated
hydrocarbons such as methylene chloride, chloroform,
dichloroethane, carbon tetrachloride and the like; aromatic
halogenated hydrocarbons such as chlorobenzene, dichlo-
robenzene, benzotrifluoride and the like; and aprotic polar
solvents such as acetonitrile, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone, dimethylsulfox-
ide and the like. These may be used alone or in a mixture of
two or more kinds thereof at an appropriate ratio. Among
them, the above-mentioned aliphatic hydrocarbons, aromatic
hydrocarbons and ethers are preferable, and cyclopentyl
methyl ether and tetrahydrofuran are more preferable. A
smaller amount of water is preferably contained in the sol-
vent, and the amount is particularly preferably 0.005% or
less. When an ether such as tetrahydrofuran and the like is
used as a solvent, a stabilizer (e.g., 2,6-di-t-butyl-4-methyl-
phenol etc.) may be added thereto if desired.

The amount of the solvent to be used is generally 1 to
100-fold, preferably 5 to 30-fold, relative to compound
(VIIa).

The addition of the activator is generally carried out at
about —40° C. to about 100° C., preferably 0° C. to about 60°
C. While the reaction time varies depending on the kinds of
the activator and the reaction temperature, it is generally
about 5 min to about 10 hr, preferably about 5 min to about 2
hr.

The addition of compound (V1IIa) is generally carried out
at about —40° C. to about 100° C., preferably about 0° C. to
about 60° C. While the reaction time varies depending on the
kinds of compound (VIlla) and the reaction temperature, it is
generally about 5 min to about 10 hr, preferably about 5 min
to about 2 hr.
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Compound (VIIla) can be produced according to a method
known per se.

Compound (VIII) thus prepared is used for the next reac-
tion with compound (VII) as the reaction mixture.

The amount of compound (VIII) to be used is generally
about 1 to about 10 equivalents, preferably about 1 to about 5
equivalents, relative to compound (VII).

In addition, an amine may be added to compound (VIII) in
order to promote the reaction. Examples of the amine include
aromatic amines such as pyridine, lutidine, quinoline, bipy-
ridyl and the like; and tertiary amines such as triethylamine,
tripropylamine, tributylamine, cyclohexyldimethylamine,
4-dimethylaminopyridine, N,N-dimethylaniline, N-meth-
ylpiperidine, N-methylpyrrolidine, N-methylmorpholine,
N,N'-tetramethylethylenediamine and the like.

The amount of the amine to be used is generally about 1 to
about 20 equivalents, preferably about 1 to about 10 equiva-
lents, relative to compound (VII).

The solvent is not particularly limited as long as it does not
adversely influence the reaction, and examples thereof
include aromatic hydrocarbons such as benzene, toluene,
xylene and the like; aliphatic hydrocarbons such as hexane,
pentane, heptane and the like; esters such as ethyl acetate,
butyl acetate and the like; ethers such as diethyl ether, diiso-
propyl ether, tert-butyl methyl ether, tetrahydrofuran, diox-
ane, cyclopentyl methyl ether, 1,2-dimethoxyethane, bis(2-
methoxyethyl)ether and the like; aliphatic halogenated
hydrocarbons such as methylene chloride, chloroform,
dichloroethane, carbon tetrachloride and the like; aromatic
halogenated hydrocarbons such as chlorobenzene, dichlo-
robenzene, benzotrifluoride and the like; and aprotic polar
solvents such as acetonitrile, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone, dimethylsulfox-
ide and the like. These may be used alone or in a mixture of
two or more kinds thereof at an appropriate ratio. Among
them, the above-mentioned aliphatic hydrocarbons, aromatic
hydrocarbons and ethers are preferable, and cyclopentyl
methyl ether and tetrahydrofuran are more preferable.

The reaction temperature is generally about -80° C. to
about 150° C., preferably —40° C. to about 20° C.

While the reaction time varies depending on the kinds of
compound (VII) and compound (VIII) and the reaction tem-
perature, it is generally about 5 min to about 20 hr, preferably
about 30 min to about 5 hr.

After completion of the reaction, an acid is preferably
added to the reaction mixture. The zinc which has been mixed
up with compound (VIII) (the zinc which is remaining in the
reaction mixture of compound (VIII)) can be removed by the
addition of the acid to the reaction mixture. In addition, com-
pound (IX) can be obtained in high yield by the addition of the
acid to the reaction mixture.

Examples of the acid include inorganic acids such as
hydrochloric acid, hydrobromic acid, nitric acid, sulfuric
acid, phosphoric acid and the like; and organic acids such as
formic acid, acetic acid, trifluoroacetic acid, phthalic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric
acid, succinic acid, malic acid, methanesulfonic acid, benze-
nesulfonic acid, p-toluenesulfonic acid and the like. Among
them, citric acid, tartaric acid, succinic acid, malic acid,
fumaric acid and maleic acid are preferable, and citric acid is
particularly preferable, since the zinc which has been mixed
up with compound (VIII) can be efficiently removed and
decomposition of the reaction product, compound (IX), can
be prevented.

The amount of the acid to be used is generally about 1 to
about 100-fold, preferably about 5 to about 20-fold, relative
to compound (VIII).
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After the addition of the acid, the obtained compound (IX)
can be used for the next reaction as the reaction mixture or as
a crude product, or can also be isolated according to a con-
ventional method from the reaction mixture, and can also be
easily purified according to a conventional separation means
(e.g., recrystallization, distillation, chromatography).

The optically active compound (IX) can be obtained by
reacting compound (VII) with compound (VIII) in the pres-
ence of an asymmetric ligand.

Examples of the asymmetric ligand include optically active
aminoalcohol derivatives, optically active alcohol derivatives
and optically active amine derivatives. Examples of the opti-
cally active aminoalcohol derivative include cinchona alka-
loids such as cinchonine, cinchonidine, quinidine, kinin and
the like; N-methylephedrine, norephedrine, 3-oxo-(dimethy-
lamino)isoborneol, 1-methyl-2-pyrrolidinemethanol, 1-ben-
zyl-2-pyrrolidinemethanol, 2-[hydroxy(diphenyl)methyl]-1-
methylpyrrolidine and 2,2'-{benzene-1,3-diylbis
[methanediyl(methylimino)] }bis(1-phenylpropan-1-ol).
Examples of the optically active alcohol derivative include
1,2-binaphthol. Examples of the optically active amine
derivative include strychnine and sparteine. Compound (IX)
having a desired steric configuration can be obtained depend-
ing on the selection of the asymmetric ligand.

The amount of the asymmetric ligand to be used is gener-
ally about 0.01 to about 5 equivalents, preferably about 0.01
to about 2 equivalents, relative to compound (VII).

Step 3 can also be performed using compound (VIII)
wherein the bromine atom is replaced by an iodine atom,
instead of compound (VIII).

[Step 4]

In Step 4, compound (X) is obtained by subjecting com-
pound (IX) to reduction.

The reaction is generally carried out in the presence of a
metal hydride complex compound, in a solvent. A metal
halide may be added for this reaction.

Examples of the metal hydride complex compound include
alkali metal hydride complex compounds such as sodium
borohydride, lithium borohydride, potassium borohydride,
sodium cyanoborohydride and the like; and zinc borohydride.
Among them, alkali metal hydride complex compounds such
as sodium borohydride, lithium borohydride, potassium
borohydride and the like are preferable, sodium borohydride
and potassium borohydride are more preferable, and sodium
borohydride is particularly preferable.

The amount of the metal hydride complex compound to be
used is generally 1 to 50 mol, preferably 2 to 10 mol, per 1 mol
of compound (IX).

Examples of the metal halide include halogenated alumi-
nums such as aluminum chloride, aluminum bromide and the
like; halogenated lithiums such as lithium iodide, lithium
chloride, lithium bromide and the like; halogenated magne-
siums such as magnesium chloride, magnesium bromide and
the like; halogenated calciums such as calcium chloride, cal-
cium bromide and the like; halogenated zincs such as zinc
chloride, zinc bromide and the like; iron chloride, tin chloride
and boron fluoride. Among them, halogenated calciums such
as calcium chloride, calcium bromide and the like; and halo-
genated zincs such as zinc chloride, zinc bromide and the like
are preferable, halogenated calciums such as calcium chlo-
ride, calcium bromide and the like are more preferable, and
calcium chloride is particularly preferable.

The amount of the metal halide to be used is generally 0.1
to 10 mol, preferably 0.1 to 5 mol, per 1 mol of compound
(IX).

The solvent is not particularly limited as long as it does not
adversely influence the reaction, and examples thereof
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include aromatic hydrocarbons such as benzene, toluene,
xylene and the like; aliphatic hydrocarbons such as hexane,
pentane, heptane and the like; ethers such as diethyl ether,
diisopropyl ether, tert-butyl methyl ether, tetrahydrofuran,
dioxane, 1,2-dimethoxyethane, bis(2-methoxyethyl)ether
and the like; aliphatic halogenated hydrocarbons such as
methylene chloride, chloroform, dichloroethane, carbon tet-
rachloride and the like; aromatic halogenated hydrocarbons
such as chlorobenzene, dichlorobenzene, benzotrifluoride
and the like; alcohols such as methanol, ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol and
the like; and aprotic polar solvents such as acetonitrile, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyr-
rolidone, dimethylsulfoxide and the like. These may be used
alone or in a mixture of two or more kinds thereof at an
appropriate ratio. Among them, the above-mentioned ethers
and alcohols are preferable, mixed solvents of ethers-alcohols
are more preferable, and a mixed solvent of tetrahydrofuran-
ethanol, and a mixed solvent of tetrahydrofuran-methanol are
particularly preferable.

The amount of the solvent to be used is 1 to 50-fold,
preferably 10 to 30-fold, relative to compound (IX).

The reaction temperature is generally about -80° C. to
about 200° C., preferably about -40° C. to about 40° C.

While the reaction time varies depending on the kinds of
compound (IX), the metal hydride complex compound and
metal halide and the reaction temperature, it is generally
about 5 min to about 48 hr, preferably about 3 to about 24 hr.

After completion of the reaction, the obtained compound
(X) can be used for the next reaction as the reaction mixture or
as a crude product, or can also be isolated according to a
conventional method from the reaction mixture, and can also
be easily purified according to a conventional separation
means (e.g., recrystallization, distillation, chromatography).
[Step 5]

In Step 5,6-(7-hydroxy-6,7-dihydro-SH-pyrrolo[1,2-c]
imidazol-7-yl)-N-methyl-2-naphthamide or a salt thereof is
obtained by subjecting compound (X) to cyclization and
deprotection.

This reaction is generally carried out in a solvent, by (i)
reacting compound (X) with an agent for conversion of
hydroxyl to a leaving group, and (ii) reacting the resulting
compound with a base (cyclization and deprotection).

The reactions of the above-mentioned (i) and (ii) may be
carried out simultaneously or stepwisely in no particular
order.

Examples of the agent for conversion of hydroxyl to a
leaving group include halogenated sulfonyls such as meth-
anesulfonyl chloride, p-toluenesulfonyl chloride and the like;
and halogenating agents such as carbon tetrachloride-triph-
enylphosphine, N-chlorosuccinimide-triphenylphosphine,
thionyl chloride, lithium chloride, carbon tetrabromide-triph-
enylphosphine, N-bromosuccinimide-triphenylphosphine,
phosphorus tribromide, phosphorus bromide, sodium bro-
mide, sodium iodide, imidazole-iodine-triphenylphosphine
and the like. Among them, halogenated sulfonyls such as
methanesulfonyl chloride, p-toluenesulfonyl chloride and the
like are preferable, and methanesulfonyl chloride is particu-
larly preferable.

The amount of the agent for conversion of hydroxyl to a
leaving group to be used is generally 1 to 10 equivalents,
preferably 1 to 5 equivalents, particularly preferably 1 to 2
equivalents, relative to compound (X).

Examples of the base include organic bases and inorganic
bases. Examples of the organic base include tertiary amines
such as triethylamine, diisopropylethylamine, tri(n-propyl)
amine, tri(n-butyl)amine, cyclohexyldimethylamine, N-me-
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thylpiperidine, N-methylpyrrolidine, N-methylmorpholine
and the like; and aromatic amines such as pyridine, lutidine,
N,N-dimethylaniline and the like. Among them, tertiary
amines such as triethylamine, diisopropylethylamine and the
like are preferable. Examples of the inorganic base include
hydroxides of alkali metal or alkaline earth metal such as
sodium hydroxide, potassium hydroxide, lithium hydroxide,
calcium hydroxide, barium hydroxide and the like; carbon-
ates of alkali metal or alkaline earth metal such as sodium
carbonate, potassium carbonate, cesium carbonate, sodium
hydrogen carbonate, potassium hydrogen carbonate and the
like; and phosphates such as disodium monohydrogenphos-
phate, dipotassium monohydrogenphosphate, trisodium
phosphate, tripotassium phosphate and the like. Among them,
sodium carbonate and potassium hydrogen carbonate are
preferable.

The amount of the base to be used is generally 0.1 to 10
equivalents, particularly preferably 1 to 2 equivalents, rela-
tive to compound (X). The base to be used may be alone or in
combination of two or more. For example, when the base is
used in combination of two or more, an amine may be added
in the reaction of compound (X) with an agent for conversion
ot hydroxyl to a leaving group, and an inorganic base may be
added in the reaction (cyclization and deprotection) of the
resultant product by the above-mentioned reaction with the
base presented in the reaction mixture.

The solvent is not particularly limited as long as it does not
adversely influence the reaction, and examples thereof
include aromatic hydrocarbons such as benzene, toluene,
xylene and the like; aliphatic hydrocarbons such as hexane,
pentane, heptane and the like; ethers such as diethyl ether,
diisopropyl ether, tert-butyl methyl ether, cyclopentyl methyl
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, bis(2-
methoxyethyl)ether and the like; aliphatic halogenated
hydrocarbons such as methylene chloride, chloroform,
dichloroethane, carbon tetrachloride and the like; aromatic
halogenated hydrocarbons such as chlorobenzene, dichlo-
robenzene, benzotrifluoride and the like; alcohols such as
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-bu-
tanol, 2-methyl-1-propanol and the like; aprotic polar sol-
vents such as acetonitrile, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone,
dimethylsulfoxide and the like; and water. These may be used
alone or in a mixture of two or more kinds thereof at an
appropriate ratio. Among them, the above-mentioned aro-
matic hydrocarbons, ethers, aprotic polar solvents and water
are preferable, toluene, tetrahydrofuran, acetonitrile and
water are more preferable, tetrahydrofuran, methanol, aceto-
nitrile and water are still more preferable, and a mixed solvent
of tetrahydrofuran-water is particularly preferable.

The amount of the solvent to be used is 1 to 50-fold,
preferably 5 to 30-fold, relative to compound (X).

After completion of the reaction, the obtained 6-(7-hy-
droxy-6,7-dihydro-5SH-pyrrolo[1,2-c]imidazol-7-y1)-N-me-
thyl-2-naphthamide can be isolated according to a conven-
tional method from the reaction mixture, and can also be
easily purified according to a conventional separation means
(e.g., recrystallization, distillation, chromatography).

For example, the purification is performed by dissolving
the crude product in water-methanol, and adding dropwise
water to the obtained solution under cooling.

In the present specification, 6-(7-hydroxy-6,7-dihydro-
SH-pyrrolo[1,2-c]imidazol-7-y1)-N-methyl-2-naphthamide
encompasses 6-((7S)-hydroxy-6,7-dihydro-SH-pyrrolo[1,2-
climidazol-7-yl)-N-methyl-2-naphthamide and 6-((7R)-hy-
droxy-6,7-dihydro-5SH-pyrrolo[1,2-c]imidazol-7-y1)-N-me-
thyl-2-naphthamide.

10

15

20

25

30

35

40

45

50

55

60

65

16
6-(7-Hydroxy-6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-7-
y1)-N-methyl-2-naphthamide may be in the form of a salt,
preferably a pharmacologically acceptable salt. Examples of
the salt include salts with an inorganic base, salts with an
organic base, salts with an inorganic acid, salts with an
organic acid, and salts with a basic or acidic amino acid.

Preferable examples of the salts with an inorganic base
include alkali metal salts such as sodium salt, potassium salt
and the like; alkaline earth metal salts such as calcium salt,
magnesium salt and the like; an aluminum salt; and an ammo-
nium salt.

Preferable examples of the salts with an organic base
include salts with trimethylamine, triethylamine, pyridine,
picoline, ethanolamine, diethanolamine, triethanolamine,
tromethamine[tris(hydroxymethyl)methylamine], tert-buty-
lamine, cyclohexylamine, benzylamine, dicyclohexylamine
or N,N-dibenzylethylenediamine.

Preferable examples of the salts with an inorganic acid
include salts with hydrochloric acid, hydrobromic acid, nitric
acid, sulfuric acid or phosphoric acid.

Preferable examples of the salts with an organic acid
include salts with formic acid, acetic acid, trifluoroacetic
acid, phthalic acid, fumaric acid, oxalic acid, tartaric acid,
maleic acid, citric acid, succinic acid, malic acid, methane-
sulfonic acid, benzenesulfonic acid or p-toluenesulfonic acid.

Preferable examples of the salts with a basic amino acid
include salts with arginine, lysine or ornithine.

Preferable examples of the salts with an acidic amino acid
include salts with aspartic acid or glutamic acid.

In the present specification, 6-(7-hydroxy-6,7-dihydro-
SH-pyrrolo[1,2-c]imidazol-7-y1)-N-methyl-2-naphthamide
may be in the form of a hydrate or non-hydrate. These are
encompassed in 6-(7-hydroxy-6,7-dihydro-5SH-pyrrolo[1,2-
climidazol-7-y1)-N-methyl-2-naphthamide.

Compound (V), compound (VI), compound (VII), com-
pound (IX) and compound (X) may be in the form of a salt,
and examples thereof include those similar to the salts of
6-(7-hydroxy-6,7-dihydro-5SH-pyrrolo[ 1,2-c]imidazol-7-y1)-
N-methyl-2-naphthamide.

6-(7-Hydroxy-6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-7-
y1)-N-methyl-2-naphthamide or a salt thereof obtained
according the production method of the present invention can
be used as an agent for the prophylaxis or treatment of andro-
gen-independent prostate cancer and the like, according the
method described in WO 2009/057795 and the like.

EXAMPLES

The present invention is explained in detail in the following
by referring to Reference Examples and Examples, which are
not to be construed as limitative.

In Reference Examples and Examples, the room tempera-
ture means about 25° C.

Reference Example 1

To 4-formylimidazole (30.0 g, 0.30 mol) were added tolu-
ene (300 mL) and triethylamine (35.0 g, 0.34 mol), and then
N,N-dimethylaminosulfonyl chloride (50.0 g, 0.34 mol) was
added thereto at room temperature. The mixture was stirred at
70° C. for 20 hr, and the insoluble material was collected by
filtration, and washed with toluene (300 mL) to give wet
crystals. To the obtained wet crystals were added water (100
ml) and ethyl acetate (300 mL), and the crystals were dis-
solved with stirring at room temperature. The organic layer
and the aqueous layer were separated. The obtained aqueous
layer was extracted with ethyl acetate (200 mL), and the
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organic layer and the aqueous layer were separated. The
obtained organic layer and the previously obtained organic
layer were combined. These operations were repeated twice,
and the organic layer was completely concentrated under
reduced pressure to give crude crystals (32.0 g). To the crude
crystals was added ethyl acetate (90 mL), and crystals were
dissolved with heating to about 60° C. The solution was
slowly cooled to 30° C. for recrystallization, hexane (180 mL)
was added thereto, and the mixture was stirred at room tem-
perature for 2 hr to give crystals. The obtained crystals were
collected by filtration, and washed with a mixed solvent (45
mL) of ethyl acetate/hexane (1:2, volume ratio). The obtained
wet crystals were dried under reduced pressure to give 1-N,
N-dimethylaminosulfonyl-4-formyl-1H-imidazole (29.4 g,
0.14 mmol). yield 48%

'H NMR (500 MHz, DMSO-d) 8 2.93 (s, 6H), 7.90 (d,
J=1.3 Hz, 1H), 7.96 (d, J=1.3 Hz, 1H), 9.95 (s, 1H)); HRMS
(EST) m/z Caled for a C4H,;(N;O,S [m+H]*: 204.0365.
Found: 204.0438.

Reference Example 2

4-Formylimidazole (20.0 g, 208.14 mmol) and p-toluene-
sulfonyl chloride (43.7 g, 229.0 mmol) were suspended in
N,N-dimethylacetamide (200 mL). To the obtained suspen-
sion was added dropwise triethylamine (23.2 g, 229.0 mmol)
at 10° C. or below, and the mixture was stirred at 10° C. or
below for 1 hr or more. To the reaction mixture was added
n-heptane (60 mL) at 30° C. or below. To the obtained solu-
tion was added dropwise water (240 mL) at 30° C. or below
for crystallization. The mixture was stirred at room tempera-
ture for 1 hr or more to give crystals. The obtained crystals
were collected by filtration, and washed with water (300 mL)
to give wet crystals. The obtained wet crystals were dried
under reduced pressure at an outside temperature of 50° C. to
give 1-tosyl-4-formyl-1H-imidazole (44.2 g, 176.6 mmol).
yield 85%.

'H NMR (500 MHz, DMSO-dy) § 2.42 (s, 1H), 7.54-7.56
(m, 2H), 8.06-8.08 (m, 2H), 8.58 (s, 1H), 8.66 (s, 1H), 9.76 (s,
1H).

Reference Example 3

4-Formylimidazole (11.7 g, 121.8 mmol) and acetonitrile
(59 mL) were charged, and triethylamine (13.6 g, 133.9 mml)
was added thereto at 30° C. or below. And then, a solution of
benzenesulfonyl chloride (23.7 g, 133.9 mmol) in THF (35
ml.) was added dropwise thereto at 30° C. or below, and the
mixture was stirred at room temperature for 1 hr or more.
After the reaction, water (94 ml.) was added dropwise thereto
at 30° C. or below for crystallization, and the mixture was
stirred at room temperature for 1 hr or more, cooled to 10° C.
or below, and stirred for 1 hr or more. The obtained crystals
were collected by filtration, and washed with a mixed solvent
(35 mL) of acetonitrile/water (1:2, volume ratio). The
obtained wet crystals were dried under reduced pressure at an
outside temperature of 50° C. to give 1-(phenylsulfonyl)-4-
formyl-1H-imidazole (20.0 g, 84.7 mmol). yield 70%.

'HNMR (500 MHz, DMSO-d,) 87.74-7.77 (m, 2H), 7.88-
7.89 (m, 1H), 8.19-8.21 (m, 2H), 8.62 (s, 1H), 8.70 (d, JI=5.0
Hz, 1H), 9.76 (s, 1H); HRMS (ESI) m/z Calcd for a
C,oHoN,O;S[M+H]*: 237.0289. Found: 237.0330.

Reference Example 4

To a solution of 4-formylimidazole (10.0 g, 104.1 mmol) in
tetrahydrofuran (100 mL.) were added triethylamine (12.6 g,
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124.9 mmol) and a catalytic amount of 4-dimethylaminopy-
ridine (2.5 g, 20.8 mmol). A solution of di-t-butyl-dicarbon-
ate (27.3 g, 124.9 mmol) in THF (50 mL.) was added dropwise
thereto at 30° C. or below, and the mixture was stirred at room
temperature for 1 hr or more. After the reaction, water (100
ml.) was added dropwise thereto at 30° C. or below to quench
the reaction, and the ethyl acetate (200 ml) was added
thereto. The organic layer was separated, and concentrated
under reduced pressure to the volume of about 30 mL. To the
residue was added diisopropyl ether (100 mL), and the mix-
ture was concentrated to the volume of about 20 mL under
reduced pressure. These operations were repeated twice to
adjust the volume to about 20 mL. The crystals were collected
by filtration, and washed with diisopropyl ether (20 mL.), and
then washed twice with water (50 mL). The obtained wet
crystals were dried under reduced pressure at an outside tem-
perature of 50° C. to give t-butyl 4-formyl-1H-imidazole-1-
carboxylate (16.0 g, 81.5 mmol). yield 78%.

'H NMR (500 MHz, DMSO-d) 81.60 (s, 9H), 8.37-8.39
(m, 2H), 9.81 (s, 1H).

Reference Example 5

6-(7-Hydroxy-6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-7-
y1)-N-methyl-2-naphthamide (5.20 kg, 16.9 mol), ethanol
(130 L) and activated carbon (260 g) were stirred at room
temperature, and the insoluble material was filtered off, and
washed with ethanol (15.6 L). The above-mentioned opera-
tions were repeated three times. The filtrates and washings
were combined, and (2S,3S)-tartranilic acid (15.95 kg, 70.8
mol) and ethanol (20.8 L) were added thereto. The mixture
was heated to about 50° C., allowed to cool to room tempera-
ture, stirred for about 4 hr, cooled to about 0° C., and stirred
for about 1 hr. The precipitated crystals were collected by
filtration, and washed with ethanol (31.2 ). The obtained wet
crystals (about 23 kg) in ethanol (156 L) were stirred at room
temperature for about 2 hr, and the mixture was cooled to
about 0° C., and stirred for about 1 hr. The precipitated crys-
tals were collected by filtration, and washed with ethanol
(31.2 L). The obtained wet crystals (about 20 kg) were added
to 1 mol/LL aqueous sodium hydroxide solution (104 L), and
the mixture was stirred at room temperature for about 1 hr.
The precipitated crystals were collected by filtration, washed
with water (93.6 L), and dried under reduced pressure to a
constant amount to give 6-((7S)-hydroxy-6,7-dihydro-5H-
pyrrolo[1,2-climidazol-7-y1)-N-methyl-2-naphthamide 1
hydrate (4.11 kg, 12.6 mol). yield 25%. containing 5.6 wt %
water (by Karl-Fisher water measurement).

The powder X-ray diffraction pattern of 6-((7S)-hydroxy-
6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-7-y1)-N-methyl-2-
naphthamide 1 hydrate is shown in FIG. 1.

Reference Example 6

6-((7S)-Hydroxy-6,7-dihydro-SH-pyrrolo[ 1,2-c]imida-
zol-7-yl)-N-methyl-2-naphthamide 1 hydrate (4.05 kg, 12.4
mol) was added to 60% aqueous methanol solution (118 L),
and dissolved with heating to about 70° C. Activated carbon
(203 g) was added thereto at the same temperature, and the
insoluble material was filtered off, and washed with 60%
aqueous methanol solution (11.6 L). The filtrate and washing
were combined, and heated to about 73° C. to dissolve the
precipitated crystals, the solution was cooled to about 55° C.,
and water (25.9 L) was added thereto. While cooling, the
mixture was stirred at room temperature for about 1 hr, and
then at about 0° C. for about 2 hr. The precipitated crystals
were collected by filtration, washed with 50% aqueous
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methanol solution (12.2 L), and dried under reduced pressure
to a constant amount to give 6-((7S)-hydroxy-6,7-dihydro-
SH-pyrrolo[1,2-c]imidazol-7-y1)-N-methyl-2-naphthamide
anhydride (3.13 kg, 10.2 mol). yield 82%.

The powder X-ray diffraction pattern of 6-((7S)-hydroxy-
6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-7-y1)-N-methyl-2-
naphthamide anhydride is shown in FIG. 2.

Reference Example 7

6-Bromo-2-naphthoic acid (10.1 g, 40.1 mmol) and N,N-
dimethylformamide (4.75 g, 65.0 mmol) were added to tolu-
ene (80 mL). To the reaction mixture was added dropwise
thionyl chloride (5.7 g, 48.2 mmol) at 45 to 50° C., and the
mixture was stirred for 1 hr, and allowed to cool to room
temperature. The reaction mixture was added dropwise at 10
t0 25° C. to a solution prepared by adding triethylamine (11.4
g, 112.4 mmol) and 40% methylamine methanol solution (8.1
g, 104.4 mmol) to toluene (80 mL), and the mixture was
stirred at room temperature for 1 hr. To the reaction mixture
was added dropwise water (50 mL), and the mixture was
stirred at room temperature. The crystals were collected by
filtration, and washed with a mixed solvent (25 m[.) of metha-
nol/water (2:8) to give wet crystals. The total amount of the
wet crystals was added to N,N-dimethylacetamide (70 mL),
and dissolved with heating to 60° C. The reaction mixture was
allowed to cool to room temperature, and water (140 mL) was
added dropwise thereto. The crystals were collected by filtra-
tion, and washed with water (80 mL) to give wet crystals. The
total amount of the wet crystals was suspended in ethyl
acetate (25 mL) with stirring at room temperature. The crys-
tals were collected by filtration, and washed with ethyl acetate
(5 mL). The obtained wet crystals were dried under reduced
pressure to give 6-bromo-N-methyl-2-naphthamide (9.4 g,
35.6 mmol). yield 89%.

'H NMR (500 MHz, DMSO-d,) 8 2.84 (d, J=4.4 Hz, 3H),
7.71(dd,J=8.8,2.2 Hz, 1H), 7.93-8.03 (m, 3H), 8.28 (d, I=1.9
Hz, 1H), 8.44 (s, 1H), 8.62 (d, J=4.1 Hz, 1H); HRMS (ESI)
m/z Caled for a C,;,H,;NOBr [M+H]*: 264.0024. Found:
264.0019; Anal. Caled fora C,,H, ,NOBr: C, 54.57; H, 3.82;
N, 5.30; Br, 30.25. Found: C, 54.56; H, 3.70;, N, 5.34; Br,
30.23.

Reference Example 8

Under a nitrogen atmosphere, o-bromotrifluoromethyl-
benzene (1.35 kg, 6.00 mol) was added to tetrahydrofuran
(7.9 L). The reaction mixture was cooled to -70° C., 1.6
mol/L n-butyllithium hexane solution (3.75 L, 6.00 mol) was
added dropwise thereto, and the mixture was stirred at the
same temperature for about 30 min. The reaction mixture was
added dropwise at the same temperature to a solution pre-
pared by adding 6-bromo-N-methyl-2-naphthamide (1.13 kg,
4.28 mol) to THF (62.2 L) at =70° C. under a nitrogen atmo-
sphere, and the mixture was stirred for 1.5 hr. To the reaction
mixture were added dropwise successively 1.6 mol/L, n-bu-
tyllithium hexane solution (2.67 L, 4.27 mol) and a solution
of 1-trityl-4-formyl-1H-imidazole (1.21 kg, 3.58 mol) in THF
(7.9 L) at the same temperature, and the mixture was stirred
for 2 hr. The reaction mixture was allowed to warmto —10° C.,
and 20 w/v % aqueous ammonium chloride solution (17.0 L)
was added dropwise thereto at =10 to 0° C. The separated
organic layer was concentrated under reduced pressure. To
the residue was added ethyl acetate (11.3 L), and the mixture
was stirred at room temperature. The crystals were collected
by filtration, and washed with ethyl acetate (11.3 L). The
obtained wet crystals were dried under reduced pressure to
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give  6-[hydroxy(1-trityl-1H-imidazol-4-yl)methyl]-N-me-
thyl-2-naphthamide (1.31 kg, 2.50 mol). yield 58%.

Reference Example 9

To glucosamine hydrochloride (200 g, 0.928 mol) were
added water (300 mL.) and ammonium thiocyanate (212 g,
2.78 mol, 3.0 equivalents) at 25° C., and the mixture was
stirred at 80 to 89° C. for 8 hr. The reaction mixture was
allowed to cool to 60° C., water (300 mL) and seed crystals
were added thereto, and the mixture was stirred at 25 to 40° C.
for 15 hr. The crystals were collected by filtration, washed
twice with water (100 mL), and vacuum-dried (50° C.) to a
constant amount to give (1R,2S,3R)-1-(2-sulfanyl-1H-imida-
zol-4-yl)butane-1,2,3,4-tetraol (101.4 g). yield 50%.

Reference Example 10

Under nitrogen stream, to (1R,2S,3R)-1-(2-sulfanyl-1H-
imidazol-4-yl)butane-1,2,3,4-tetraol (10 g, 45.4 mmol) was
added water (40 mL), and to the obtained suspension was
added dropwise an aqueous diluted solution of 30% aqueous
hydrogen peroxide (15.4 g, 136 mmol, 3.0 equivalents) in
water (40 mL) over 10 min at 17 to 43° C. (the compound was
gradually dissolved to give an uniform pale-yellow solution).
The reaction mixture was stirred at 24 to 36° C. for 4 hr, and
barium carbonate (27 g, 136 mmol, 3.0 equivalents) was
added over S min at 24 to 26° C. (neutralized to pH 7), and the
mixture was stirred at 25 to 26° C. for 1 hr and 20 min. The
insoluble material was filtered off, and washed with water (40
mL). To the filtrate and washing was added sodium sulfite
(11.4 g,90.8 mmol, 2.0 equivalents) over 5 min at 20to 32° C.
The obtained aqueous solution was stirred at 26 to 32° C. for
1 hr and 30 min to give an aqueous solution of (1R,2S,3R)-
1-(1H-imidazol-4-yl)butane-1,2,3,4-tetraol. To this aqueous
solution was added sodium periodate (29.1 g, 136 mmol, 3.0
equivalents) over 10 min at 12 to 30° C., and the mixture was
stirred at 27 to 30° C. for 1 hr and 30 min. To the reaction
mixture was added sodium periodate (2.91 g, 13.6 mmol, 0.3
equivalents) at 27 to 30° C., and the mixture was stirred at 27
to 30° C. for 2 hr. The insoluble material was filtered off, and
washed four times with water (10 mL). To the filtrate and
washing was added methanol (500 mL), and the inorganic salt
was filtered off, and washed twice with methanol (50 mL). To
the filtrate and washing was added activated carbon (3 g,
SHIRASAGI A, trade name), and the mixture was stirred at
room temperature for 1 hr. The insoluble material was filtered
off, and washed with methanol. The filtrate and washing were
concentrated under reduced pressure to give a crude com-
pound (9.37 g). To the crude compound were added water (3
ml) and seed crystals for crystallization, and the mixture was
stirred at room temperature for 24 hr, and then for 2 hr under
ice-cooling. The crystals were collected by filtration, washed
with cooled water (1 mL), and vacuum-dried (50° C.) to a
constant amount to give 4(5)-formylimidazole (2.35 g). yield
54%.

Reference Example 11

To 4(5)-formylimidazole (2 g, 20.8 mmol) were added
DMAc (30 mL) and triethylamine (3.5 mL, 25.0 mmol, 1.2
equivalents), and then trityl chloride (4.06 g, 14.6 mmol, 0.7
equivalents) was added thereto at room temperature. The
mixture was stirred at room temperature for 24 hr, and to the
reaction mixture was added water (60 mL) at room tempera-
ture, and the mixture was stirred at room temperature for 2 hr.
The crystals were collected by filtration, washed with water,
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and vacuum-dried (50° C.) to a constant amount to give a
crude compound (4.6 g). To the crude compound (0.2 g) was
added methanol (1 mL), and the mixture was stirred at room
temperature for 2 hr. The crystals were collected by filtration,
was washed with methanol (0.2 mL), and vacuum-dried (50°
C.) to a constant amount to give 1-trityl-4-formyl-1H-imida-
zole (0.14 g). yield 65%.

Example 1

Under a nitrogen atmosphere, 6-bromo-N-methyl-2-naph-
thamide (7.0 g, 26.5 mmol) was added to tetrahydrofuran
(175 mL), and then 2.0 mol/L. isopropylmagnesium chloride
tetrahydrofuran solution (13.7 ml.) was added dropwise
thereto at room temperature. The reaction mixture was cooled
to =30° C., 1.6 mol/LL n-butyllithium hexane solution (26.6
ml.) was added dropwise thereto, and the mixture was stirred
at the same temperature for 2 hr. To the reaction mixture was
added dropwise a solution of 1-trityl-4-formyl-1H-imidazole
(13.5 g, 39.9 mmol) in tetrahydrofuran (140 mL.) at -20° C.,
and the mixture was stirred at the same temperature for 2 hr.
The reaction mixture was allowed to warm to 0° C., and
stirred for 1 hr, and 20 w/v % aqueous ammonium chloride
solution (105 ml.) was added dropwise thereto. The organic
layer was separated, and concentrated to the volume of about
90 mL under reduced pressure. To the residue was added
tetrahydrofuran (140 mL), and the mixture was concentrated
to the volume of about 90 mL under reduced pressure. To the
residue was added acetone (140 mL), and the mixture was
concentrated to the volume of about 140 mL under reduced
pressure. These operations were repeated three times. To the
residue was added acetone to adjust the volume to about 180
ml, and the mixture was stirred at room temperature. The
crystals were collected by filtration, and washed with acetone
(70 mL). The obtained wet crystals were dried under reduced
pressure to give 6-|hydroxy(1-trityl-1H-imidazol-4-yl)me-
thyl]-N-methyl-2-naphthamide (10.3 g, 19.7 mmol). yield
74%.

'H NMR (500 MHz, DMSO-d,) 8 2.84 (d, J=4.7 Hz, 3H),
5.76 (d, I=5.0 Hz, 1H), 5.82 (d, J=4.7 Hz, 1H), 6.80 (s, 1H),
6.98-7.13 (m, 6H), 7.28 (d, J=1.6 Hz, 1H), 7.32-7.50 (m, 9H),
7.55 (dd, J=8.5, 1.6 Hz, 1H), 7.83-7.99 (m, 4H) 8.37 (s, 1H)
8.58 (d, J=4.4 Hz, 1H); HRMS (ESI) m/z Calcd for a
C35H; NSO, [M+H]™: 524.2338. Found: 524.2325; Anal.
Calcd for a C55H,N;0,: C, 80.28; H, 5.58; N, 8.02. Found:
C, 80.17; H, 5.80; N, 7.81.

Example 2

Under a nitrogen atmosphere, 6-bromo-N-methyl-2-naph-
thamide (1.0 g, 3.79 mmol) was added to tetrahydrofuran (25
mL), and then 1.0 mol/L. dibutylmagnesium heptane solution
(2.0 mL) was added dropwise thereto at room temperature.
The obtained solution was cooled to —13° C., 1.6 mol/LL
n-butyllithium hexane solution (2.6 mL.) was added dropwise
thereto, and the mixture was stirred at the same temperature
for 1.5 hr. A solution of 1-trityl-4-formyl-1H-imidazole (1.4
g, 4.2 mmol) in tetrahydrofuran (15 mL) was added dropwise
to the reaction mixture at —11° C., and the mixture was stirred
at the same temperature for 5 hr. The reaction mixture was
allowed to warm to 6° C. over 2.5 hr, and 20 w/v % aqueous
ammonium chloride solution (30 mL.) was added dropwise
thereto. The organic layer was separated, and quantified to
give  6-[hydroxy(1-trityl-1H-imidazol-4-yl)methyl]-N-me-
thyl-2-naphthamide (1.2 g, 2.24 mmol). yield 71%.

Example 3

6-[Hydroxy(1-trityl-1H-imidazol-4-yl)methyl]-N-me-
thyl-2-naphthamide (10.0 g, 19.1 mmol) and manganese
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dioxide (10.0 g, 115.0 mmol) were added to a mixed solvent
of N,N-dimethylacetamide (25 mL) and ethyl acetate (63
ml), and the mixture was stirred at 60° C. for 3 hr. The
insoluble material was filtered off at the same temperature,
and washed with ethyl acetate (60 mL). The filtrate and wash-
ing were combined and concentrated to the volume of 30 mL
under reduced pressure. To the residue was added dropwise
diisopropyl ether (100 mL), and the mixture was stirred at
room temperature. The obtained crystals were collected by
filtration, and washed with diisopropyl ether (30 mL) to give
crude wet crystals (26.4 g). The crude wet crystals (10.8 g)
were added to ethyl acetate (54 mL), and the mixture was
warmed to 60° C., and stirred for 0.5 hr. The obtained mixture
was allowed to cool to room temperature, and diisopropyl
ether (108 mL) was added dropwise thereto. The mixture was
stirred with cooling to 5° C. The obtained crystals were col-
lected by filtration, and washed with a mixed solvent (27 m[.)
of diisopropy! ether/ethyl acetate (2:1, volume ratio). The
obtained wet crystals were dried under reduced pressure to
give  N-methyl-6-[(1-trityl-1H-imidazol-4-yl)carbonyl]-2-
naphthamide (8.2 g, 15.7 mmol). yield 82%.

'HNMR (500 MHz, DMSO-d,) & 2.85 (d, J=4.7 Hz, 3H),
7.17-7.22 (m, 6H), 7.40-7.50 (m, 9H), 7.69 (d, J=1.4 Hz, 1H),
7.77(d,J=1.4 Hz, 1H), 7.99 (dd, J=8.5, 1.6 Hz, 1H), 8.13 (dd,
J=18.4, 8.7 Hz, 2H), 8.21 (dd, J=8.5, 1.6 Hz, 1H), 8.48 (s,
1H), 8.68 (q, J=4.4 Hz, 1H), 9.01 (s, 1H); HRMS (ESI) m/z
Caled for a C;5H, N,O,[M+H]*": 522.2182. Found:
522.2177; Anal. Caled for a C55H,,N;0,: C, 80.59; H, 5.22;
N, 8.06. Found: C, 80.51; H, 5.17; N, 8.10.

Example 4

6-[Hydroxy(1-trityl-1H-imidazol-4-yl)methyl]-N-me-

thyl-2-naphthamide (10.0 g, 19.1 mmol) and manganese
dioxide (6.6 g, 75.9 mmol) were added to N,N-dimethylac-
etamide (85 mL), and the mixture was stirred at 60° C. for 2
hr. The insoluble material was filtered off at the same tem-
perature, and washed with N,N-dimethylacetamide (40 mL).
The filtrate and washing were combined and cooled to 40° C.,
water (60 mL) was added dropwise thereto, and the mixture
was stirred at room temperature. The obtained crystals were
collected by filtration, and washed with water (50 mL). The
wet crystals were dried under reduced pressure to give crude
crystals (9.5 g). Ethyl acetate (100 mL.) was warmed to 40° C.,
and the crude crystals (9.5 g) were added thereto. The
obtained mixture was warmed to 50° C., and stirred for 0.5 hr.
The solvent (20 mI) was evaporated under reduced pressure.
The residue was allowed to cool to room temperature, and
diisopropyl ether (80 mL.) was added dropwise thereto, and
the mixture was stirred at the same temperature. The obtained
crystals were collected by filtration, and washed with a mixed
solvent (30 mL) of diisopropyl ether/ethyl acetate (1:1, vol-
ume ratio). The obtained wet crystals were dried under
reduced pressure to give N-methyl-6-[ (1-trityl-1H-imidazol-
4-yl)carbonyl]-2-naphthamide (8.9 g, 17.1 mmol). yield
89%.

Example 5

Under a nitrogen atmosphere, 6-[hydroxy(1-trityl-1H-imi-
dazol-4-yl)methyl]-N-methyl-2-naphthamide (1.0 g, 1.91
mmol) was added to N,N-dimethylacetamide (50 mL), and
then sodium hydride (oil, 0.15 g, 3.85 mmol) was added at
room temperature, and the mixture was stirred at the same
temperature for about 60 hr. To the reaction mixture were
added dropwise water (50 mI.) and 1 mol/LL hydrochloric acid
(5§ mL) at room temperature, and the mixture was stirred at the
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same temperature for 45 min. Then, the reaction mixture was
cooled to 0° C., and stirred for 2 hr. The crystals were col-
lected by filtration, and washed with water (30 mL). The
obtained wet crystals were dried under reduced pressure to
give  N-methyl-6-[(1-trityl-1H-imidazol-4-yl)carbonyl]-2-
naphthamide (0.89 g, 1.71 mmol). yield 90%.

Example 6

Under a nitrogen atmosphere, zinc powder (15.0 g, 229.4
mmol) was suspended in tetrahydrofuran (57 mL), trimeth-
ylsilyl chloride (1.5 mL, 11.5 mmol) was added thereto at
room temperature, and the mixture was stirred for 30 min.
The reaction mixture was heated to 40° C., a solution of ethyl
bromoacetate (12.7 mL, 114.5 mmol) in tetrahydrofuran (144
ml.) was added dropwise thereto, and the mixture was stirred
at the same temperature for 30 min. The reaction mixture was
kept stand at room temperature, the excess amount of zinc
was filtered off to give a reaction mixture containing (bromo
(2-ethoxy-2-oxoethyl)zinc (hereinafter to be abbreviated as
Reformatsky reagent). The prepared Reformatsky reagent
(89.6 mL, corresponding to 2.5 eq.) was cooled to 0° C.,
cinchonine (7.1 g, 24.0 mmol), pyridine (6.2 mL, 76.8 mmol)
and tetrahydrofuran (80 mL) were added thereto, and the
mixture was stirred at the same temperature for 30 min. The
reaction mixture was cooled to -25° C.; N-methyl-6-[(1-
trityl-1H-imidazol-4-yl)carbonyl]-2-naphthamide (10.0 g,
19.2 mmol) and tetrahydrofuran (20 mlL.) were added thereto,
and the mixture was stirred at the same temperature for 1 hr
and 45 min. The Reformatsky reagent (35.7 mL, correspond-
ing to 1.0 eq.) was added thereto at the same temperature, and
the mixture was stirred for 1 hr. To the reaction mixture were
added ethyl acetate (140 mL.) and 20 w/v % aqueous citric
acid solution (140 mL) at 10° C. or below. The organic layer
was separated, and washed with 10% sodium chloride-con-
taining 20 w/v % aqueous citric acid solution (100 mL) at 5°
C. (twice), 5 w/v % aqueous sodium bicarbonate (100 m[.)
(three times), and water (100 mL). The organic layer was
concentrated to the volume of 60 mL. under reduced pressure.
To the residue was added methanol (100 mL.), and the mixture
was concentrated to the volume of 60 mL under reduced
pressure. To the residue was added methanol to adjust the
volume to 200 mL. Water (20 mL) was added thereto at room
temperature, and the mixture was stirred for 1 hr. Then water
(140 mL) was added dropwise thereto at the same tempera-
ture, and the mixture was stirred. The obtained crystals were
collected by filtration, and washed with a mixed solvent (60
ml) of methanol/water (1:3, volume ratio). The obtained wet
crystals were dried under reduced pressure to give ethyl (3S)-
3-hydroxy-3-{6-[(methylamino)carbonyl]-2-naphthyl}-3-
(1-trityl-1H-imidazol-4-yl)propanoate (11.3 g, 18.5 mmol).
yield: 97%. enantiomeric excess: 96% ee.

'"H NMR (500 MHz, DMSO-dy) 8 0.93 (t, I=7.1 Hz, 3H),
2.84 (d, J=4.4 Hz, 3H), 3.20 (d, J=14.2 Hz, 1H), 3.29 (d,
J=14.5 Hz, 1H), 3.86 (t, J=6.9 Hz, 2H), 5.86 (s, 1H), 6.79 (d,
J=1.6Hz, 1H), 7.06 (dd,J=7.9,1.9Hz, 6H),7.31 (d,J=1.3 Hz,
1H), 7.33-7.45 (m, 9H), 7.73 (dd, J=8.7, 1.7 Hz, 1H), 7.82-
7.95 (m, 3H), 8.02 (s, 1H), 8.36 (s, 1H), 8.58 (q, J=4.7 Hz,
1H); HRMS (ESI) nv/z Calcd for a C;oH;N;O, [M+H]™:
610.2706. Found: 610.2698; Anal. Caled for a C;oH;,N;O,:
C,76.83;H,5.79; N, 6.89. Found: C, 76.79; H, 5.95; N, 6.81.

Example 7
To a solution of anhydrous calcium chloride (4.55 g, 41.0

mmol) in ethanol (62.5 ml.) was added sodium borohydride
(3.11 g, 82.0 mmol) at -7° C., and the mixture was stirred at
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=7° C. for 30 min. To the reaction mixture were added drop-
wise a solution of ethyl (3S)-3-hydroxy-3-{6-[(methy-
lamino)carbonyl]-2-naphthyl} -3-(1-trityl-1H-imidazol-4-
yDpropanoate (10.0 g, 16.4 mmol) in tetrahydrofuran (80
mL), and tetrahydrofuran (20 mL) at -5° C. The reaction
mixture was stirred at 5° C. for 8 hr, water (80 mL), 1 mol/LL
hydrochloric acid (82 mL) and ethyl acetate (200 mL) were
added dropwise thereto at 5° C., and the mixture was stirred.
To the separated organic layer was added 0.2 mol/LL hydro-
chloric acid (82 mL.) at 5° C., and the mixture was stirred, and
adjusted to pH 7.5 with 0.5 mol/L aqueous sodium hydroxide
solution at the same temperature. To the separated organic
layer was added again 0.2 mol/LL hydrochloric acid (82 mL) at
5° C., and the mixture was stirred, and adjusted to pH 7.5 with
0.5 mol/LL aqueous sodium hydroxide solution at the same
temperature. To the separated organic layer was added water
(100 mL), and the mixture was adjusted to pH 9.5 with 0.5
mol/L. aqueous sodium hydroxide solution. The separated
organic layer was washed with 10 w/v % brine (100 mL). To
the separated organic layer was added water (120 mL), and
the mixture was stirred with heating to 60° C. for 4 hr. The
separated organic layer was concentrated to the volume of
about 38 mL at the same temperature under reduced pressure.
To the residue was added ethyl acetate (80 mL), and the
mixture was concentrated to the volume of about 38 mL under
reduced pressure. These operations were repeated three
times. To the residue was added ethyl acetate to adjust the
volume to about 38 mL. Diisopropyl ether (75 mL) was added
thereto, and the mixture was stirred with cooling to 5° C. The
crystals were collected by filtration, and washed with a mixed
solvent (30 mL) of diisopropyl ether/ethyl acetate (2:1, vol-
ume ratio). The obtained wet crystals were dried under
reduced pressure to give 6-[(1S)-1,3-dihydroxy-1-(1-trityl-
1H-imidazol-4-yl)propyl]-N-methyl-2-naphthamide (8.7 g,
15.3 mmol). yield 94%. enantiomeric excess: 94% ee.

'H NMR (500 MHz, DMSO-dy) 8 2.19-2.35 (m, 1H),
2.40-2.49 (m, 1H), 2.83 (d, J=4.7 Hz, 3H), 3.38 (ddd, J=19.2,
8.8, 5.4 Hz, 2H), 4.47 (t, J=5.0 Hz, 1H), 5.7 (s, 1H), 6.9 (d,
J=1.6 Hz, 1H), 7.00-7.12 (m, 6H), 7.32 (d, J=1.6 Hz, 1H),
7.34-7.45 (m, 9H) 7.75 (dd, J=8.7,1.7 Hz, 1H), 7.82-7.97 (m,
3H), 8.00 (s, 1H), 8.36 (s, 1H), 8.6 (q, J=4.3 Hz, 1H); HRMS
(ESI) m/z Caled for a C;;HN,O;[M+H]*: 568.2600.
Found: 568.2590.

Example 8

To THF (100 mL) and water (63 pg, 3.5 mmol) was added
6-[(1S)-1,3-dihydroxy-1-(1-trityl-1H-imidazol-4-yl)pro-
pyl]-N-methyl-2-naphthamide (10.0 g, 17.6 mmol). The
reaction mixture was cooled to 10° C., and ethyldiisopropy-
lamine (3.41 g, 26.4 mmol) and methanesulfonyl chloride
(3.03 g, 26.4 mmol) were successively added thereto, and the
mixture was stirred at room temperature for 1 hr. To the
reaction mixture was added a solution of sodium carbonate
(3.73 g, 35.2 mmol) in water (40 mL), and the mixture was
warmed to 57° C., and stirred for 5 hr. The mixture was
concentrated under reduced pressure to adjust the volume of
the residue to 45 mL. Ethyl acetate (50 mL.) was added thereto
at 45° C., and the mixture was stirred. The reaction mixture
was stirred with cooling to room temperature and then cool-
ing to 5° C. The crystals were collected by filtration, and
washed with ethyl acetate (40 mL) cooled to 5° C. The
obtained wet crystals were dried under reduced pressure to
give crude 6-((7S)-hydroxy-6,7-dihydro-SH-pyrrolo[1,2-c]
imidazol-7-yl)-N-methyl-2-naphthamide (5.3 g, 17.3 mmol).
yield 98%.
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Example 9

The crude 6-((7S)-hydroxy-6,7-dihydro-SH-pyrrolo[1,2-
climidazol-7-yl)-N-methyl-2-naphthamide  obtained in
Example 8 (5.0 g, 16.3 mmol) was added to methanol (97.5
ml) and purified water (38 mL.), and dissolved with heating to
70° C., and activated carbon (0.25 g) was added thereto. The
reaction mixture was stirred at the same temperature for 20
min, and the activated carbon was filtered off, and washed
with 72% methanol (5 mL). The filtrate and washing were
combined, and purified water (35.5 mL) was added dropwise
thereto at 55 to 60° C. The reaction mixture was stirred with
cooling to 30° C., purified water (35.5 mL.) was added thereto
at the same temperature, and the mixture was stirred. The
reaction mixture was stirred with cooling to 2° C., and the
crystals were collected by filtration, and washed with 45%
methanol (15 mL). The obtained wet crystals were dried
under reduced pressure to give 6-((7S)-hydroxy-6,7-dihydro-
SH-pyrrolo[1,2-c]imidazol-7-y1)-N-methyl-2-naphthamide
(4.17 g, 13.6 mmol). yield 83%. enantiomeric excess: 99% ee.

'H NMR (500 MHz, DMSO-dy) 8 2.84 (m, 1H), 2.88 (d,
J=4.4Hz,3H),2.93 (m, 1H), 4.19 (m, 1H), 4.25 (m, 1H), 6.26
(s, 1H), 6.69 (s, 1H), 7.65 (m, 1H), 7.66 (s, 1H), 7.95 (dd,
J=8.5, 1.6 Hz, 1H), 8.00 (d, J=8.5 Hz, 2H), 8.09 (brs, 1H),
8.45 (brs, 1H), 8.65 (q, J=4.4 Hz, 1H); MS (EI) m/z 307 [M]+;
Anal. Caled for a C,H,,N;0,: C, 70.34; H, 5.58; N, 13.67.
Found: C, 70.31; H, 5.50; N, 13.66.

Example 10

To a mixture of toluene (100 mL), THF (20 mL) and 1
mol/L. hydrochloric acid (100 mL) was added 6-[(1S)-1,3-
dihydroxy-1-(1-trityl-1H-imidazol-4-yl)propyl]-N-methyl-
2-naphthamide (10.0 g, 17.6 mmol). The reaction mixture
was stirred vigorously at 60° C. for 2 hr. The reaction mixture
was allowed to cool to room temperature. The aqueous layer
was separated, and the obtained aqueous layer was washed
twice with methyl tert-butyl ether (100 mL and 50 mL). To the
obtained aqueous layer was added methanol (10 mL.), and
then carbonate (10.6 g) and water (10 mL) were added
thereto. The obtained slurry was stirred overnight at room
temperature. The obtained crystals were collected by filtra-
tion, and washed with 10% aqueous methanol. The obtained
wet crystals were dried under reduced pressure to give crude
crystals (5.56 g). To a mixture of methanol (30 mL.) and water
(3 mL) were added the crude crystals (4 g). After stirring at
50° C. for 1 hr, water (50 mL) was added to the slurry at 50°
C. over 1 hr. The slurry was stirred at 50° C. for 1 hr, and then
allowed to cool to room temperature. After stirring for 3 hr at
room temperature, the crystals were collected by filtration
and washed with water. The obtained wet crystals were dried
under reduced pressure to give 6-[(1S)-1,3-dihydroxy-1-(1H-
imidazol-4-yl)propyl]-N-methyl-2-naphthamide (3.69 g,
11.3 mmol). yield 89%.

'H NMR (500 MHz, DMSO-dy) 8 2.33-2.39 (m, 1H),
2.47-2.52 (m, 1H), 2.83 and 2.79 (d, J=4.4 Hz, total 3H), 3.33
(brs, 1H), 3.47 (br s, 1H), 4.54 and 4.59 (br s, total 1H), 5.58
and 5.97 (s, total 1H), 6.83 and 6.94 (s, total 1H), 7.47 and
7.58 (s, total 1H), 7.53 and 7.75 (d, J=8.5 Hz, total 1H),
7.83-7.99 (m, 3H), 8.03 and 8.06 (s, 1H), 8.36 and 8.38 (s,
1H), 8.57 (d, J=4.1 Hz, 1H), 11.75 and 11.83 (s, total 1H);
Anal. Caled for C,H, jN;0;: C, 66.45; H, 5.89; N, 12.91; O,
14.75. Found: C, 66.19; H, 5.99; N, 12.72.

Example 11

To a solution of 6-[(1S)-1,3-dihydroxy-1-(1H-imidazol-4-
yDpropyl]-N-methyl-2-naphthamide (1.0 g, 3.1 mmol) in tet-
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rahydrofuran (100 mL.) were added N-ethyldiisopropylamine
(2.39 g, 18.4 mmol) and methanesulfonyl chloride (2.11 g,
18.4 mmol) at room temperature. The mixture was stirred at
the same temperature for 3 hr. To the reaction mixture was
added a solution of sodium carbonate (1.31 g, 12.3 mmol) in
water (3 mL). The mixture was heated to 60° C. and stirred for
5 hr. After the reaction mixture was allowed to cool to room
temperature, ethyl acetate (25 mL) was added thereto. The
organic layer was separated and concentrated under reduced
pressure. Methanol (16.7 mL) and water (6.4 mL.) were added
to the residue. The mixture was heated to 65° C., and activated
carbon (45 mg) was added thereto. After stirring at the same
temperature for 30 min, the activated carbon was filtered off
and washed with methanol (1.1 mL). Water (6.4 mL) was
added to the filtrate at 55° C. The resulting mixture was
allowed to cool to room temperature and stirred for 30 min. To
the mixture was added water (6.4 mL) at the same tempera-
ture, and the mixture was stirred for 2 hr. The mixture was
cooled to 0° C. and stirred for 2 hr. The obtained precipitated
crystals were collected by filtration, washed with 45% aque-
ous methanol (3 mL), and dried under reduced pressure to
give 6-((7S)-hydroxy-6,7-dihydro-SH-pyrrolo[1,2-c]imida-
zol-7-yl)-N-methyl-2-naphthamide (540 mg, 1.8 mmol).
yield 57%.

Example 12

Under a nitrogen atmosphere, 6-bromo-N-methyl-2-naph-
thamide (10.0 g, 38 mmol) was added to tetrahydrofuran (250
mL), and then 2.0 mol/L isopropylmagnesium chloride tet-
rahydrofuran solution (19 mL) was added dropwise thereto at
room temperature. The obtained reaction mixture was cooled
to =20° C., 1.6 mol/L n-butyllithium hexane solution (40 mL.)
was added dropwise to the reaction mixture, and the mixture
was stirred at the same temperature for 2 hr. To the obtained
reaction mixture was added dropwise a solution of 1-N,N-
dimethylaminosulfonyl-4-formyl-1H-imidazole (11.6 g, 57
mmol) in tetrahydrofuran (200 mL) at -20° C., and the mix-
ture was stirred at the same temperature for 2 hr. The obtained
reaction mixture was allowed to warm to 0° C., and stirred for
1 hr, and 20 w/v % aqueous ammonium chloride solution (150
ml) was added dropwise to the reaction mixture. The reac-
tion mixture was separated to the organic layer and aqueous
layer, and the obtained organic layer was concentrated to the
volume of about 90 ml. under reduced pressure. To the
obtained residue was added tetrahydrofuran (140 mL), and
the obtained reaction mixture was concentrated to the volume
of about 80 ml under reduced pressure. To the obtained
residue was added ethyl acetate (250 mL), and the mixture
was concentrated to the volume of about 80 mL under
reduced pressure. These operations were repeated three
times. To the obtained residue was added ethyl acetate to
adjust the volume to about 200 mL to give a ethyl acetate
solution containing 6-[hydroxy(1-N,N-dimethylaminosulfo-
nyl-1H-imidazol-4-yl)methyl|-N-methyl-2-naphthamide.

The NMR data of the obtained 6-[hydroxy(1-N,N-dim-
ethylaminosulfonyl-1H-imidazol-4-yl)methyl]-N-methyl-2-
naphthamide was shown below.

'"HNMR (500 MHz, DMSO-dy) 8 2.76-2.88 (m, 9H), 5.82
(s, 1H), 6.08 (s, 1H), 7.37-7.43 (m, 1H), 7.61 (dd, J=8.5, 1.58
Hz, 1H), 7.84-8.02 (m, 4H), 8.07 (d, J=1.3 Hz, 1H), 8.39 (s,
1H), 8.59 (d, J=4.1 Hz, 1H); HRMS (ESI) m/z Calcd for a
C,sH, N, O,S [m+H]*: 389.1205. Found: 389.1273.

Example 13
To the ethyl acetate solution containing 6-[hydroxy(1-N,

N-dimethylaminosulfonyl-1H-imidazol-4-yl)methyl]-N-
methyl-2-naphthamide, which is obtained in Example 10,
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were added manganese dioxide (20.6 g, 237.2 mmol) and
ethyl acetate (200 mL), and the mixture was stirred at 60° C.
for 10 hr. The insoluble material was filtered off from the
reaction mixture at the same temperature, and washed with
ethyl acetate (200 mL). The filtrate and washing were com-
bined, and concentrated under reduced pressure to adjust the
volume to about 300 mL. Water (150 mL) was added thereto,
and the organic layer was separated. These operations were
repeated twice. The organic layers were combined, and
stirred at room temperature about for 1 hr. To the reaction
mixture was added dropwise diisopropyl ether (150 mL), and
the mixture was stirred at room temperature for 2 hr to give
crystals. The obtained crystals were collected by filtration,
and washed with a mixed solvent (90 mL) of diisopropyl
ether/ethyl acetate (2:1, volume ratio) to give wet crystals.
The obtained wet crystals were dried under reduced pressure
to give N-methyl-6-[(1-N,N-dimethylaminosulfonyl-1H-
imidazol-4-yl)carbonyl]-2-naphthamide (8.9 g, 22.9 mmol).
total yield from 6-bromo-N-methyl-2-naphthamide: 60%.

'H NMR (500 MHz, DMSO-dg) 8 2.84-2.91 (m, 3H), 2.93
(s, 6H), 8.02 (d, J=8.5 Hz, 1H), 8.14-8.23 (m, 3H), 8.43 (s,
1H), 8.47 (s, 1H), 8.51 (s, 1H), 8.71 (d, J=4.4 Hz, 1H), 8.94 (s,
1H); HRMS (ESI) m/z Caled for a C,H; ,N,O,S [m+H]":
387.1049. Found: 387.1118.

Example 14

Under a nitrogen atmosphere, zinc powder (15.0 g, 229.4
mmol) was suspended in tetrahydrofuran (57 mL), trimeth-
ylsilyl chloride (1.5 mL, 11.5 mmol) was added thereto at
room temperature, and the mixture was stirred for 30 min.
The reaction mixture was heated to 40° C., and to the reaction
mixture was added dropwise a solution of ethyl bromoacetate
(12.7 mL, 114.5 mmol) in tetrahydrofuran (144 mL). The
obtained reaction mixture was stirred at 30 min for 40° C., and
kept stand at room temperature, and the excess amount of zinc
was filtered off to give a reaction mixture containing bromo
(2-ethoxy-2-oxoethyl)zinc (hereinafter to be abbreviated as
Reformatsky reagent). The obtained Reformatsky reagent
(49.7 mL, corresponding to 2.5 eq.) was cooled to 0° C. or
below, and to the Reformatsky reagent were added cincho-
nine (3.8 g, 12.9 mmol), pyridine (3.4 mL, 41.4 mmol) and
tetrahydrofuran (32 mL). The obtained reaction mixture was
stirred for 15 min, and cooled to —20° C., and to the reaction
mixture were added N-methyl-6-[(1-N,N-dimethylaminosul-
fonyl-1H-imidazol-4-yl)carbonyl]-2-naphthamide (4.0 g,
10.4 mmol) and tetrahydrofuran (12 mL.). The obtained reac-
tion mixture was stirred at ~20° C. for 1 hr. To the obtained
reaction mixture was added the Reformatsky reagent (25.0
mlL, corresponding to 1.25 eq.) at =20° C., the obtained reac-
tion mixture was stirred for 30 min. To the obtained reaction
mixture were added ethyl acetate (100 mL) and 20 w/v %
aqueous citric acid solution (100 mL) at 10° C. or below. The
separated organic layer was washed with 10% sodium chlo-
ride-containing 20 w/v % aqueous citric acid solution (100
ml) at 5° C. (twice), 5 w/v % aqueous sodium bicarbonate
(100 mL) (three times), and the water (100 mL). The organic
layer was concentrated to the volume of 20 mL under reduced
pressure to give a residue. To the obtained residue was added
methanol (50 mL), and the mixture was concentrated to the
volume of 20 mL under reduced pressure to give a residue.
These operations were repeated again. To the obtained resi-
due was added water (8 mL), and the obtained solution was
stirred for 1 hr. To the reaction mixture was added dropwise
water (32 mL), and the mixture was stirred to give crystals.
The obtained crystals were collected by filtration, and washed
with a mixed solvent (30 mL) of methanol/water (1:3, volume
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ratio) to give wet crystals. The obtained wet crystals were
dried under reduced pressure to give ethyl (3S)-3-hydroxy-
3-{6-[(methylamino)carbonyl]-2-naphthyl1}-3-(1-N,N-dim-
ethylaminosulfonyl-1H-imidazol-4-yl)propanoate (4.29 g,
9.04 mmol). yield 87%. enantiomeric excess: 85% ee.

'"H NMR (500 MHz, DMSO-dy) 8 0.94 (t, ]=7.1 Hz, 3H),
2.78 (s, 6H), 2.84 (d, J=4.7 Hz, 3H), 3.21-3.31 (m, 1H),
3.31-3.42 (m, 1H), 3.80-3.95 (m, 2H), 6.12 (s, 1H), 7.38 (d,
J=1.6 Hz, 1H), 7.75 (dd, I=8.7, 1.73 Hz, 1H), 7.85-7.99 (m,
3H), 8.06-8.14 (m, 2H), 8.38 (s, 1H), 8.58 (d, J=4.4 Hz, 1H),
HRMS (ESI) m/z Caled for a C,,H,,N,O,S [m+H]*:
475.1573. Found: 475.1635.

Example 15

To a solution of anhydrous calcium chloride (2.05 g, 18.5
mmol) in ethanol (26.5 mL.) was added sodium borohydride
(1.40 g,36.9 mmol) at —-17° C., and the mixture was stirred at
16—

—7° C.for 30 min. To the obtained reaction mixture was added
dropwise a solution of ethyl (3S)-3-hydroxy-3-{6-[(methy-
lamino)carbonyl]-2-naphthyl}-3-(1-N,N-dimethylaminosul -
fonyl-1H-imidazol-4-yl)propanoate (3.5 g, 7.38 mmol) in tet-
rahydrofuran (36 mL) at -20° C. The obtained reaction
mixture was stirred for 6 hr at 0° C., to the reaction mixture
were added dropwise water (36 mL), 1 mol/L. hydrochloric
acid (37 mL) and ethyl acetate (90 mL) at 5° C., and the
mixture was stirred. To the separated organic layer was added
0.2 mol/L. hydrochloric acid (37 mL) at 5° C., and the mixture
was stirred, and adjusted about pH 7.5 with 0.5 mol/LL aque-
ous sodium hydroxide solution at 5° C. To the separated
organic layer was added again 0.2 mol/LL hydrochloric acid
(37 mL) at 5° C., and the mixture was stirred, and adjusted to
about pH 7.5 with 0.5 mol/LL aqueous sodium hydroxide
solution at the same temperature. To the separated organic
layer was added water (45 mL.), and the mixture was adjusted
to about pH 9.5 with 0.5 mol/L. aqueous sodium hydroxide
solution. The separated organic layer was washed with 10 w/v
% brine (45 mL). To the separated organic layer was added
water (54 mL), and the mixture was heated to 60° C., and
stirred for 4 hr. The separated organic layer was completely
concentrated under reduced pressure to give 6-[(15)-1,3-di-
hydroxy-1-(1-N,N-dimethylaminosulfonyl-1H-imidazol-4-
yDpropyl]-N-methyl-2-naphthamide (2.1 g, 4.83 mmol).
yield 66%. enantiomeric excess: 86% ee.

'"HNMR (500 MHz, DMSO-dy)  2.34-2.47 (m, 1H), 2.78
(s, 6H), 2.82-2.86 (m, 3H), 3.35-3.48 (m, 2H), 4.50 (t, J=4.9
Hz, 1H), 5.92 (s, 1H), 7.36 (d, J=1.3 Hz, 1H), 7.76 (dd, J=8.7,
1.73 Hz, 1H), 7.87-7.98 (m, 3H), 8.06-8.14 (m, 2H), 8.37 (s,
1H), 8.57 (q, J=4.3 Hz, 1H); HRMS (ESI) m/z Calcd for a
C,oH,sN,O5S [m+H]™: 433.1467. Found: 433.1535.

Example 16

Under a nitrogen atmosphere, 6-bromo-N-methyl-2-naph-
thamide (10.0 g, 37.9 mmol) was added to tetrahydrofuran
(250 mL), and to the obtained solution was added dropwise
2.0 mol/LL isopropylmagnesium chloride tetrahydrofuran
solution (18.9 mL) at room temperature. The obtained reac-
tion mixture was cooled to -30° C., 1.65 mol/L. n-butyl-
lithium hexane solution (37.9 ml) was added dropwise
thereto, and the mixture was stirred at the same temperature
for 1 hr or more. To the obtained reaction mixture was added
dropwise a solution of 1-tosyl-4-formyl-1H-imidazole (14.2
g, 56.8 mmol) in tetrahydrofuran (200 mL.) at -20° C., and the
mixture was stirred at the same temperature for 2 hr. The
obtained reaction mixture was warmed over 2 hr to 0° C., 20



US 9,278,938 B2

29

w/v % aqueous ammonium chloride solution (150 mL) was
added dropwise thereto. The separated organic layer was
concentrated to the volume of about 130 mL under reduced
pressure to give a residue. To the obtained residue was added
tetrahydrofuran (200 mL), and the mixture was concentrated
to the volume of about 130 mL under reduced pressure to give
a residue. To the obtained residue was added acetone (200
ml), and the mixture was concentrated to the volume of about
200 mL under reduced pressure. These operations were
repeated three times to give a residue. To the obtained residue
was added acetone to adjust the volume to about 260 mL. The
obtained solution was stirred at room temperature for 2 hr or
more. The obtained crystals were collected by filtration, and
washed with acetone (100 ml) to give wet crystals. The
obtained wet crystals were dried under reduced pressure at an
outside temperature of 50° C. to give 6-(hydroxy(1-tosyl-1H-
imidazol-4-yl)methyl)-N-methyl-2-naphthamide (8.5 g, 19.5
mmol). yield 52%.

'H NMR (500 MHz, DMSO-d,) & 2.40 (s, 3H), 2.83 (d,
J=5.0Hz, 1H),5.74 (d, J=5.0Hz, 1H), 6.05 (d, J=5.0 Hz, 1H),
7.49-7.51 (m, 3H), 7.55-7.56 (m, 1H), 7.88-7.92 (m, 4H),
7.98-7.99 (m, 2H), 8.27 (s, 1H), 8.37 (s, 1H), 8.58-8.59 (q,
J=5.0 Hz, 1H); HRMS (ESI) n/z Calcd for a C,;H,,N;0,S
[m+H]*: 436.1286. Found: 436.1322.

Example 17

6-(Hydroxy(1-tosyl-1H-imidazol-4-yl)methyl)-N-me-
thyl-2-naphthamide (8.2 g, 18.8 mmol) and manganese diox-
ide (14.7 g, 169.1 mmol) were added to N,N-dimethylaceta-
mide (70 mL), and the mixture was stirred at 60° C. for 7 hr.
The insoluble material was filtered off from the obtained
reaction mixture at 60° C., and washed with N,N-dimethy-
lacetamide (33 mL). The filtrate and washing were combined,
and cooled to 40° C., water (49 mL) was added dropwise
thereto, and the mixture was stirred at the same temperature
for 0.5 hr or more, and then at room temperature for 1 hr or
more to give crystals. The obtained crystals were collected by
filtration, and washed with water (51 mL ) to give wet crystals.
The obtained wet crystals were dried under reduced pressure
at an outside temperature of 50° C. to give crude crystals (6.6
g). Ethyl acetate (66 mL) were warmed to 40° C., and the
crude crystals (6.6 g) were added thereto. The obtained mix-
ture was warmed to 50° C., and stirred for 0.5 hr or more, and
13 mL of the solvent was evaporated under reduced pressure.
The obtained residue was allowed to cool to room tempera-
ture, diisopropyl ether (53 mL) was added dropwise thereto at
the same temperature, and the mixture was stirred to give
crystals. The obtained crystals were collected by filtration,
and washed with a mixed solvent (20 mL) of diisopropyl
ether/ethyl acetate (1:1, volume ratio) to give wet crystals.
The obtained wet crystals were dried under reduced pressure
at an outside temperature of 50° C. to give N-methyl-6-[(1-
tosyl-1H-imidazol-4-yl)carbonyl]-2-naphthamide (6.5 g,
15.0 mmol). yield 79%.

'H NMR (500 MHz, DMSO-d) 8 2.42 (s, 3H), 2.85 (d,
J=5.0 Hz, 3H), 7.55-7.56 (m, 2H), 8.01-8.02 (m, 1H), 8.12-
8.17 (m, 5H), 8.49 (s, 1H), 8.61-8.64 (d, J=15.0 Hz, 2H), 8.69
(9, 1H), 8.86 (s, 1H); HRMS (ESI) m/z Calcd for a
C,3H,oN;O,S [m+H]*: 434.1130. Found: 434.1168.

Example 18

The Reformatsky reagent was obtained according to the
method described in Example 14. The obtained Reformatsky
reagent (27.1 mL, corresponding to 2.5 eq.) was cooled to 0°
C., cinchonine (2.1 g, 7.2 mmol) and pyridine (1.9 mL, 23.0
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mmol) was added thereto, and the mixture was stirred at the
same temperature for 30 min. The reaction mixture was
cooled to -25° C., N-methyl-6-[(1-tosyl-1H-imidazol-4-y1)
carbonyl]-2-naphthamide (2.5 g, 5.76 mmol) was added
thereto, and the mixture was stirred at the same temperature
for 1 hr. To the obtained reaction mixture was added the
Reformatsky reagent (10.9 mL, corresponding to 1.0 eq.) at
-25° C., and the mixture was stirred for 1 hr. The Refor-
matsky reagent (5.4 mL, corresponding to 0.5 eq.) was added
again -25° C., and the mixture was stirred for 1 hr. To the
obtained reaction mixture were added ethyl acetate (35 mL)
and 20 w/v % aqueous citric acid solution (35 m[) at 10° C.
or below. The separated organic layer was washed with 10%
sodium chloride-containing 20 w/v % aqueous citric acid
solution (35 mL) at 5° C. (twice), 5 w/v % aqueous sodium
bicarbonate (35 mL) (three times), and water (35 mL). The
separated organic layer was concentrated under reduced pres-
sure to give ethyl (3S)-3-hydroxy-3-{6-[(methylamino)car-
bonyl]-2-naphthyl}-3-(1-tosyl-1H-imidazol-4-yl)pro-
panoate (2.92 g, 5.6 mmol). yield: 97%.

'"H NMR (500 MHz, DMSO-dy) 8 0.79 (t, J=7.1 Hz, 3H),
2.39 (s, 3H), 2.83 (d, J=4.7 Hz, 3H), 3.19 (d, J=14.2 Hz, 1H),
3.30(d, J=14.2 Hz, 1H), 3.76 (t, J=6.9 Hz, 2H), 6.13 (s, 1H),
7.44-7.52 (m,3H),7.68 (dd, J=8.7,2.1 Hz, 1H), 7.85-7.94 (m,
3H),7.97 (d, J=8.2 Hz, 2H), 8.00-8.03 (m, 1H), 8.26-8.41 (m,
2H), 8.57 (d, J=4.7 Hz, 1H).

Example 19

To a solution of anhydrous calcium chloride (1.86 g, 16.3
mmol) in ethanol (32 mL.) were added sodium borohydride
(1.27 g, 33.6 mmol) and ethanol (5 mL) at -10° C., and the
mixture was stirred at —10° C. for 30 min. To the reaction
mixture were added dropwise a solution of ethyl (35)-3-
hydroxy-3-{6-[(methylamino)carbonyl]-2-naphthy1}-3-(1-
tosyl-1H-imidazol-4-yl)propanoate (2.5 g, 5.6 mmol) in tet-
rahydrofuran (73 mL)/ethanol (10 mL), and tetrahydrofuran
(5 mL) at =10° C. The obtained reaction mixture was stirred
at 5° C. for 6 hr, and to the obtained reaction mixture were
added dropwise water (100 mL), 1 mol/L. hydrochloric acid
(40 mL) and ethyl acetate (200 mL.) at 10° C. or below, and the
mixture was stirred. To the separated organic layer was added
0.2 mol/L. hydrochloric acid (14 mL.) at 5° C., and the mixture
was stirred. The reaction mixture was adjusted to pH 7.5 with
0.5 mol/LL aqueous sodium hydroxide solution at 5° C. To the
separated organic layer was added again 0.2 mol/L. hydro-
chloric acid (14 mL) at 5° C., and the mixture was stirred. The
reaction mixture was adjusted to pH 7.5 with 0.5 mol/L. aque-
ous sodium hydroxide solution at 5° C. To the separated
organic layer was added water (10 mL), and the mixture was
adjusted to pH 9.5 with 0.5 mol/LL aqueous sodium hydroxide
solution. To the separated organic layer was added water (120
ml), and the mixture was heated to 60° C., and stirred for 3 hr.
The separated organic layer was concentrated at 60° C. under
reduced pressure to give 6-[(1S)-1,3-dihydroxy-1-(1-tosyl-
1H-imidazol-4-yl)propyl]-N-methyl-2-naphthamide (2.9 g,
6.1 mmol).

'HNMR (500 MHz, DMSO-d,) § 2.36-2.47 (m, 1H), 2.38
(d, I=2.5Hz, 3H), 2.59-2.71 (m, 1H), 2.83 (d, J=4.7 Hz, 3H),
3.61-3.68 (m, 1H), 3.68-3.76 (m, 1H), 4.45-4.47 (m, 1H),
5.91 (s, 1H), 7.42-7.45 (m, 1H), 7.45-7.51 (m, 2H), 7.68 (dt,
J=8.7,2.1Hz, 1H),7.72 (s, 1H), 7.84-7.93 (m, 2H), 7.93-8.03
(m, 4H), 8.27-8.40 (m, 2H), 8.48-8.65 (m, 1H).

Example 20

To a solution of anhydrous calcium chloride (1.86 g, 16.3
mmol) in ethanol (32 mL.) were added sodium borohydride



US 9,278,938 B2

31

(1.27 g, 33.6 mmol) and ethanol (5 mL) at -10° C., and the
mixture was stirred at —10° C. for 30 min. To the reaction
mixture was added dropwise a solution of ethyl (3S)-3-hy-
droxy-3-{6-[(methylamino)carbonyl]-2-naphthyl}-3-(1-to-

syl-1H-imidazol-4-yl)propanoate (2.5 g, 5.6 mmol) in tet-
rahydrofuran (73 mL)/ethanol (10 mL), and tetrahydrofuran
(5 mL) at =10° C. The obtained reaction mixture was stirred
at 7° C. for 21 hr, and to the obtained reaction mixture were
added dropwise water (100 mL), 1 mol/L. hydrochloric acid
(40 mL) and ethyl acetate (200 mL) at 10° C. or below, and the
mixture was stirred. To the separated organic layer was added
0.2 mol/L. hydrochloric acid (14 mL) at 5° C., and the mixture
was stirred. The reaction mixture was adjusted to pH 7.5 with
0.5 mol/LL aqueous sodium hydroxide solution at 5° C. To the
separated organic layer was added again 0.2 mol/L. hydro-
chloric acid (14 mL) at 5° C., and the mixture was stirred. The
reaction mixture was adjusted to pH 7.5 with 0.5 mol/L. aque-
ous sodium hydroxide solution at 5° C. To the separated
organic layer was added water (10 mL), and the mixture was
adjusted to pH 9.5 with 0.5 mol/LL aqueous sodium hydroxide
solution. To the separated organic layer was added water (120
ml), and the mixture was heated to 60° C., and stirred for 3 hr.
The separated organic layer was concentrated at 60° C. under
reduced pressure to give 6-[(1S)-1,3-dihydroxy-1-(1H-imi-

dazol-4-yl)propyl]-N-methyl-2-naphthamide (2.3 g, 7.0
mmol).
Example 21
To THF (4.8 mL) was added 6-[(1S)-1,3-dihydroxy-1-(1-

tosyl-1H-imidazol-4-yl)propyl]-N-methyl-2-naphthamide
(479.6 mg, 1.0 mmol). The reaction mixture was cooled to
10° C., and ethyldiisopropylamine (505.9 mg, 4.0 mmol) and
methanesulfonyl chloride (458.8 mg, 4.0 mmol) were succes-
sively added thereto, and the mixture was stirred at room
temperature for 2 hr. To the reaction mixture was added a
solution of sodium carbonate (530.0 mg, 5.0 mmol) in water
(2 mL), and the mixture was warmed to 57° C., and stirred for
5 hr. The separated organic layer was concentrated under
reduced pressure. Methanol (4 ml) and activated carbon (40
mg) were added thereto. The reaction mixture was stirred at
the same temperature for 20 min, and the activated carbon
was filtered off, and washed with methanol (2 mL). The
filtrate and washing were concentrated under reduced pres-
sure. Methanol (1 mL), ethyl acetate (5 mL), and THF (10
ml) were added to the residue, and the mixture was washed
twice with 10% sodium chloride-containing 5 w/v % aqueous
sodium bicarbonate solution (15 mL). The separated organic
layer was concentrated under reduced pressure to give
6-((7S)-hydroxy-6,7-dihydro-5SH-pyrrolo[1,2-c]imidazol-7-
y1)-N-methyl-2-naphthamide (135.4 mg, 0.44 mmol). yield
44%.

Example 22

Under a nitrogen atmosphere, 6-bromo-N-methyl-2-naph-
thamide (10.0 g, 37.9 mmol) was added to tetrahydrofuran
(250 mL), and to the obtained solution was added dropwise
2.0 mol/LL isopropylmagnesium chloride tetrahydrofuran
solution (18.9 mL) at room temperature. The obtained reac-
tion mixture was cooled to -30° C., 1.65 mol/L. n-butyl-
lithium hexane solution (37.9 ml.) was added dropwise
thereto, and the mixture was stirred at the same temperature
for 1 hr or more. To the reaction mixture was added dropwise
a solution of 1-(phenylsulfonyl)-4-formyl-1H-imidazole
(13.4 g, 56.8 mmol) in tetrahydrofuran (100 mL.) at -20° C.,
and the mixture was stirred at the same temperature for 2 hr.
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The reaction mixture was warmed over 2 hr to 0° C., and 20
w/v % aqueous ammonium chloride solution (150 mL) was
added dropwise thereto. The separated organic layer was
concentrated to the volume of about 130 mL under reduced
pressure to give a residue. To the obtained residue was added
tetrahydrofuran (200 mL), and the mixture was concentrated
to the volume of about 130 mL under reduced pressure to give
a residue. To the obtained residue was added ethyl acetate
(200 mL.), and the mixture was concentrated to the volume of
about 200 mL. under reduced pressure. These operations were
repeated three times to give a residue. To the obtained residue
was added ethyl acetate to adjust the volume to about 200 mL..
The obtained reaction mixture was stirred at room tempera-
ture for 2 hr or more to give crystals. The crystals was col-
lected by filtration, and washed with ethyl acetate (100 mL ) to
give wet crystals. The obtained wet crystals were dried under
reduced pressure at an outside temperature of 50° C. to give
6-(hydroxy(1-(phenylsulfonyl)-1H-imidazol-4-yl)methyl)-
N-methyl-2-naphthamide (9.2 g, 21.8 mmol). yield 58%.

'"H NMR (500 MHz, DMSO-dy) 8 2.83 (d, J=5.0 Hz, 3H),
5.74 (d, J=5.0 Hz, 1H), 6.06 (d, J=5.0 Hz, 1H), 7.69-7.72 (m,
2H), 7.81-7.84 (m, 1H), 7.90-7.94 (m, 4H), 8.11-8.13 (m,
2H), 8.30 (s, 1H), 8.37 (s, 1H), 8.57-8.59 (q, 1H).

Example 23

6-(Hydroxy(1-(phenylsulfonyl)-1H-imidazol-4-yl)me-
thyl)-N-methyl-2-naphthamide (8.8 g, 20.88 mmol) and
manganese dioxide (16.4 g, 187.9 mmol) were added to N,N-
dimethylacetamide (75 mL), and the mixture was stirred at
60° C. for 9.5 hr. The insoluble material was filtered off from
the reaction mixture at 60° C., and washed with DMAc (35
mL). The filtrate and washing were combined, and cooled to
40° C., water (53 mL) was added dropwise thereto, and the
mixture was stirred at the same temperature for 0.5 hr or
more, and then at room temperature for 1 hr or more to give
crystals. The obtained crystals were collected by filtration,
and washed with water (44 mL) to give wet crystals. The
obtained wet crystals were dried under reduced pressure at an
outside temperature of 50° C. to give crude crystals (6.3 g).
Ethyl acetate (63 ml) was warmed to 40° C., and the crude
crystals (6.3 g) were added thereto. The obtained mixture was
warmed to 50° C., and stirred for 0.5 hr or more. 13 mL of'the
solvent was evaporated under reduced pressure to give a
residue. The obtained residue was allowed to cool to room
temperature, diisopropyl ether (53 mL) was added dropwise
thereto at the same temperature, and the mixture was stirred to
give crystals. The obtained crystals were collected by filtra-
tion, and washed with a mixed solvent (20 mL) of diisopropyl
ether/ethyl acetate (1:1, volume ratio) to give wet crystals.
The obtained wet crystals were dried under reduced pressure
at an outside temperature of 50° C. to give N-methyl-6-[(1-
(phenylsulfonyl)-1H-imidazol-4-yl)carbonyl]-2-naphtha-
mide (6.2 g, 14.9 mmol). yield 72%.

'"H NMR (500 MHz, DMSO-dy) 8 2.86 (d, J=5.0 Hz, 3H),
7.76 (t, J=10.0 Hz, 2H), 7.88 (t, J=10.0 Hz, 1H), 8.00 (d,
J=10.0 Hz, 1H), 8.12 (q, J=5.0 Hz, 2H), 8.18 (d, J=10.0 Hz,
1H), 8.27 (d, J=10.0Hz, 2H), 8.49 (s, 1H), 8.67 (d, J=10.0 Hz,
2H), 8.71 (q, J=5.0 Hz, 1H), 8.86 (s, 1H).

Example 24

The Reformatsky reagent was obtained according to the
method described in Example 14. The obtained Reformatsky
reagent (27.3 mL, corresponding to 2.5 eq.) was cooled to 0°
C. or below, cinchonine (2.6 g, 8.9 mmol), pyridine (2.3 mL,
23.0 mmol) and THF (24 ml.) were added thereto, and the
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mixture was stirred at the same temperature for 30 min. The
reaction mixture was cooled to -25° C.; N-methyl-6-((1-
phenylsulfonyl-1H-imidazol-4-yl)carbonyl)-2-naphthamide

(3.0 g, 7.2 mmol) was added thereto. The obtained reaction
mixture was stirred at -20° C. for 1 hr. To the obtained
reaction mixture was added the Reformatsky reagent (10.9
mL, corresponding to 1.0 eq.) at —=25° C., and the mixture was
stirred for 1.5 hr. The Reformatsky reagent (10.9 mL, corre-
sponding to 1.0 eq.) was added again thereto —25° C., and the
mixture was stirred for 1.5 hr. To the obtained reaction mix-
ture were added ethyl acetate (42 mL) and 20 w/v % aqueous
citric acid solution (42 mL) at 10° C. or below. The separated
organic layer was washed successively with 10% sodium
chloride-containing 20 w/v % aqueous citric acid solution (30
ml, twice) at 5° C., 5 w/v % aqueous sodium bicarbonate (30
ml, three times), and water (30 mL). The organic layer was
concentrated to the volume of 18 mL under reduced pressure
to give a residue. To the obtained residue was added methanol
(30 mL), and the mixture was concentrated to the volume of
18 ml. under reduced pressure to give aresidue. To the residue
was added methanol to adjust the volume to 30 mL. Water (3
ml.) was added thereto at room temperature, and the mixture
was stirred for 1 hr. Then water (21 mL.) was added dropwise
thereto at the same temperature, and the mixture was stirred.
The obtained crystals were collected by filtration, and washed
with a mixed solvent (9 mL) of methanol/water (1:3, volume
ratio). The obtained wet crystals were dried under reduced
pressure to give ethyl (38)-3-hydroxy-3-{6-[(methylamino)
carbonyl]-2-naphthyl}-3-(1-phenylsulfonyl-1H-imidazol-4-

yDpropanoate (3.2 g, 6.3 mmol). yield 88%. enantiomeric
excess: 61% ee.

'H NMR (500 MHz, DMSO-d) § 0.78 (t, J=5.0 Hz, 3H),
2.82 (d, J=5.0 Hz, 3H), 3.19 (d, J=15.0 Hz, 1H), 3.30 (d,
J=15.0Hz, 1H), 3.76 (q, J=5.0 Hz, 2H), 6.15 (s, 1H), 7.50 (d,
J=5.0 Hz, 1H), 7.69 (dd, J=15.0, 10.0 Hz, 3H), 7.79 (t,
J=/010.0 Hz, 1H), 7.87-7.92 (m, 3H), 8.02 (s, 1H), 8.09-8.12
(m, 2H), 8.34 (s, 1H), 8.58 (q, J=5.0 Hz, 1H).

Example 25

To a solution of anhydrous calcium chloride (0.84 g, 7.4
mmol) in ethanol (9 mL) was added sodium borohydride
(0.57 g, 14.8 mmol) at -15° C., and the mixture was stirred at
-10° C. for 30 min. To the reaction mixture was added drop-
wise a solution of ethyl (3S)-3-hydroxy-3-{6-[(methy-
lamino)carbonyl]-2-naphthyl }-3-(1-phenylsulfonyl-1H-imi-
dazol-4-yl)propanoate (1.5 g, 3.0 mmol) in tetrahydrofuran
(75 mL)/ethanol (15 mL) at =10° C. The obtained reaction
mixture was stirred at 5° C. for 8 hr, and to the obtained
reaction mixture were added dropwise water (12 mL), 1
mol/L hydrochloric acid (15 mL) and ethyl acetate (30 mL) at
10° C. or below, and the mixture was stirred. To the separated
organic layer was added 0.2 mol/L. hydrochloric acid (15 mL)
at 5° C., and the mixture was stirred. The reaction mixture was
adjusted to pH 7.5 with 0.5 mol/LL aqueous sodium hydroxide
solution at 5° C. To the separated organic layer was added
again 0.2 mol/L. hydrochloric acid (15 mL) at 5° C., and the
mixture was stirred. The reaction mixture was adjusted to pH
7.5 with 0.5 mol/LL aqueous sodium hydroxide solution at 5°
C. To the separated organic layer was added water (15 mL),
and the mixture was adjusted to pH 9.5 with 0.5 mol/L. aque-
ous sodium hydroxide solution. The separated organic layer
was washed with 10 w/v % brine (15 mL). To the separated
organic layer was added water (18 mL), and the mixture was
heated to 60° C., and stirred for 3 hr. The separated organic
layer was concentrated under reduced pressure to give
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6-[(1S)-1,3-dihydroxy-1-(1-phenylsulfonyl-1H-imidazol-4-
yDpropyl]-N-methyl-2-naphthamide (1.2 g, 2.5 mmol). yield
83%. enantiomeric excess: 62% ee.

'H NMR (500 MHz, DMSO-dy) 8 2.13-2.17 (m, 1H),
2.34-2.42 (m, 1H),2.83 (d, J=5.0 Hz, 3H), 3.52-3.54 (m, 2H),
4.49 (1, J=5.0 Hz, 1H), 5.38 (s, 1H), 7.28-7.33 (m, 2H), 7.48
(d, J=5.0 Hz, 1H), 7.70 (dd, J=10.0, 5.0 Hz, 3H), 7.80 (t,
J=10.0 Hz, 1H), 7.95-8.01 (m, 3H), 8.04-8.12 (m, 1H), 8.34
(s, 1H), 8.45 (s, 1H), 8.62 (q,J=5.0Hz, 1H); HRMS (ESD) m/z
caled for C,,H,,N;O.,S [m+H]*: 466.1392. Found:
466.1436.

Example 26

Under a nitrogen atmosphere, 6-bromo-N-methyl-2-naph-
thamide (5.0 g, 18.9 mmol) was added to tetrahydrofuran
(125 mL), and to the obtained solution was added dropwise
2.0 mol/LL isopropylmagnesium chloride tetrahydrofuran
solution (9.5 mL) at room temperature. The obtained reaction
mixture was cooled to =30° C., 1.65 mol/L. n-butyllithium
hexane solution (18.9 mlL.) was added dropwise thereto, and
the mixture was stirred at the same temperature for 1 hr or
more. To the reaction mixture was added dropwise a solution
of t-butyl 4-formyl-1H-imidazole-1-carboxylate (6.7 g, 34.1
mmol) in tetrahydrofuran (50 mL) at -20° C., and the mixture
was stirred at the same temperature for 2 hr. The obtained
reaction mixture was warmed over 2 hr to 0° C., and 20 w/v %
aqueous ammonium chloride solution (75 ml.) was added
dropwise thereto. The separated organic layer was concen-
trated to the volume of about 65 m[ under reduced pressure to
give a residue. To the obtained residue was added tetrahydro-
furan (100 mL), and the mixture was concentrated to the
volume of about 65 ml. under reduced pressure to give a
residue. To the obtained residue was added acetone (100 mL),
and the mixture was concentrated to the volume of about 100
ml under reduced pressure. These operations were repeated
three times to give a residue. The obtained residue was con-
centrated to dryness to give t-butyl 4-(hydroxy(6-methylcar-
bamoyl)naphthalen-2-yl)methyl)-1H-imidazole-1-carboxy-
late (10.5 g).

HRMS (ESD) m/z Caled for a C,,H,,N;O, [m+H]";
382.1722. Found: 382.1759.

Example 27

t-Butyl 4-(hydroxy(6-methylcarbamoyl)naphthalen-2-yl)
methyl)-1H-imidazole-1-carboxylate (10.2 g) and manga-
nese dioxide (15.0 g, 172.5 mmol) were added to N,N-dim-
ethylacetamide (35 mL), and the mixture was stirred at 60° C.
for 14 hr. The insoluble material was filtered off from the
obtained reaction mixture at 60° C., and washed with N,N-
dimethylacetamide (25 mL). The filtrate and washing were
combined, and concentrated under reduced pressure, and to
the obtained residue were added ethyl acetate (100 ml.) and
water (50 mL). The separated organic layer was concentrated
under reduced pressure to give t-butyl 4-(6-(methylcarbam-
oyl)-2-naphthoyl)-1H-imidazole-1-carboxylate (11.4 g).

HRMS (ESI) m/z caled for a C,;H,,N;0, [M+H]*;
380.1566. Found: 380.1607.

INDUSTRIAL APPLICABILITY

According to the production method of the present inven-
tion, imidazole derivatives useful for the prophylaxis or treat-
ment of diseases, for which androgen or estrogen is an aggra-
vating factor, can be produced efficiently and industrially
under mild conditions.
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This application is based on patent application No. 2011-
133712 filed in Japan, the contents of which are encompassed
in full herein.

The invention claimed is:

1. A method of producing a compound represented by the
formula:

VD
PG

N _CH;

<

N

Tz

OH

wherein PG is a protecting group,
or a salt thereof, which comprises:
reacting a compound represented by the formula:

@

_CH;

Rr!

wherein R! is an iodine atom or a bromine atom,
with a compound represented by the formula:

R>—MgX (1)

w
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wherein R? is a C,_4 alkyl group or a C,_,, aryl group;
and X is a chlorine atom, a bromine atom or an iodine
atom,

or a compound represented by the formula:

R?R?—Mg (IIT)

wherein R*' is a C,_4 alkyl group or a C,_, , aryl group;
and R? is as defined above;

reacting the resulting compound with a compound repre-
sented by the formula:

R3—Li (IV)
wherein R is a C,_, alkyl group or a C,_,, aryl group; and

reacting the resulting compound with a compound repre-
sented by the formula:

W)
PG,

L

wherein PG is as defined above,

CHO

or a salt thereof.
2. The method of claim 1, wherein PG is trityl.

3. The method of claim 1, wherein PG is tosyl, benzene-
sulfonyl or N,N-dimethylaminosulfonyl.
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